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There are a good many clinical facts which suggest that 
people vary widely in their susceptibility to dietary deficiency 
disease. Not all of the crew of a scurvy-ridden ship come 
down, nor does everyone in a famine zone develop malnutri- 
tional edema. We have been impressed, furthermore, in 
general medical work by the fact that with certain gastro- 
intestinal disorders one patient will develop anemia, another 
pellagra, while a third may possibly have hypoproteinemia 
with edema. There seems to be some special susceptibility 
which determines just what clinical reaction, if any, will take 
place. It is well known that small animals vary greatly as 
regards tolerance to drugs and poisons but we have found no 
adequate quantitative data on variations in reaction to dif- 
ferent diets. This problem was investigated in the following 
manner : 

METHODS 


Young mature male rats of the pure breed raised for many 
years in this laboratory were placed on a deficient diet con- 
sisting af casein 20% and a starch-lard mixture 80%. While 
not low in protein the ration was obviously defective in salts 
and vitamins even though the constituents were not chemically 
purified. It was known to us from previous experience that 
progressive malnutrition results with this diet, but loss of 
weight is slow enough to be roughly comparable to human 
deficiency disease. The animals were caged in groups and an 

* Supported by a grant from the Rockefeller Fluid Research Fund. 
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excess of the diet was offered; no attempt was made to 
measure the individual intake. Weights were recorded every 
few (usually 2) days and clinical evidences of malnutritional 
disease were looked for. 


RESULTS 


Fourteen rats were used. During period 1 (table 1) they 
were given the defective diet for 39 days. Initial and final 
weights, grams lost and percentage of weight lost are shown. 
It is evident that there were great variations in the. reaction 
of individuals to the diet even under practically identical 
conditions. No clinical evidences of malnutritional dis- 
turbances other than loss of weight were observed. 

Having established the fact of sensible variations in weight 
loss under the conditions of our experiment, we desired to 
find out if these variations were haphazard and of no signifi- 
cance or whether the degree of weight loss was a characteristic 
of the individual rat. The animals were therefore returned 
to the stock diet and there was a very rapid gain in weight 
(figs. 1 and 2). After 22 days the defective diet of casein- 
starch-lard was resumed for a second period of 49 days, con- 
stituting period 2 (table 1). Loss of weight again occurred 
and again there were great individual variations. More in- 
teresting, however, is the fact that in general the rats which 
lost most during period 1 again lost most in period 2, and 
vice versa. The probability, though not yet proved, was 
strong that some definite peculiarity of individual rats de- 
termined whether weight loss would be slight or great and 
that the results were not haphazard. 

Another repetition of the experiment was therefore carried 
out after the rats had been restored by eating the stock ration 
for 31 days, but this time, to put the matter to a more rigorous 
test, an entirely different type of defective diet, namely raw 
carrots, was used. The results of period 3 are shown in 
table 1. Here for the third time it is seen that on the whole 
those rats which lost. most in the two experiments with the 
casein-starch-lard diet did so again on the carrot diet. In 
table 2 an attempt is made to show this graphically. In the 
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column headed ‘period 1’ the rats are arranged in order of 
weight loss, with a separation into first and second divisions. 
In column 2 the rats are again arranged in sequence of weight 


loss, preserving the same numerical notation. 


It is seen that 
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second division (circles). 


with two exceptions the top division remains unchanged and 
so too in the third period, with the exception of the jump of 
rat no. 65 from eleventh to third place and of rat 36 from 


ninth to second place, there is little alteration of sequence. 
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A mathematical calculation shows a probability of one in sixty- 
four of these events being the result of chance. 

In figure 1 are shown average weight curves of rats 25, 34, 
23, 39, 56, 38 and 54 (dots) and of rats 36, 52, 37, 50 51, 65, 50 
(circles). Both curves start from the same point but the 
changes of weight are recorded in grams and not as percent- 
age variations. It is seen that the rats of the second division 
consistently lost more weight in each of the three experi- 
mental periods than those of the first division. 
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Fig.2 Individual weight curves of four rats—no. 25 (circles), no. 34 (half 
circles), no. 51 (dots), no. 59 (crossed circles). 


Figure 2 shows the detailed weight changes of four rats. 
It was technically impossible to chart the entire series on 
one map; however, the specimen curves give an adequate idea 
of the course of events in individual rats. 


SUMMARY AND CONCLUSIONS 


When a series of rats of the same breed and of approxi- 
mately the same age are placed on a defective diet there are 
great individual variations in weight loss. Repetitions of the 
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experiments after weight loss has been restored by a normal 
diet, show that on the whole the rats which lost most weight in 
the first instance do so again and vice versa. Resistance to 
weight loss on a defective diet seems therefore to be in some 


TABLE 2 


Rats arranged in series according to degree of weight loss in the three periods of 
the experiment 





PERIOD 





52 


50 





eases a characteristic of the individual and not a matter of 
chance. These results are shown to be statistically valid. 
Further studies on the explanation of this phenomenon are in 
progress. 
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In the course of previous experiments we studied the curve 
of weight loss of rats on a defective diet consisting of 20% 
casein and 80% starch-lard mixture. When rats which had 
lost from 20 to 40% of their body weight were restored to 
‘normal’ by a sojourn on an adequate stock ration ! and were 
then placed again on the defective diet it was found that in 
the second instance weight loss occurred much more rapidly 
than in the first. This held true in every case, even though 
the original speed of weight loss varied considerably with 
different rats. Two sample curves are given in figure 1. The 
solid lines show weight loss during the first period on the 
defective diet, the broken lines represent the second period. 
In both cases the initial weight is taken as 100 and the changes 
are expressed in actual grams lost per day. The intermediate 
period of 22 days on stock diet, during which weight was fully 
restored, is omitted. It is seen that whereas rat 59 lost much 
more rapidly in the first instance than rat 25, each lost more 
rapidly in the second period of defective diet than in the first. 
Another fact shown by these curves is that, whereas weight 
loss was more rapid the second time, this rapid loss was most 
striking during the first 10 days or so of the second period 

*Corn starch, casein, lard, cod liver oil, salt mixture and alfalfa. See Addis, 
McKay and McKay. 1926. J. Biol. Chem., vol. 71, p. 139. 
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of defective diet. Indeed the decline slows subsequently so 
that after a longer period (30 to 40 days) there may not be 
much difference in the total weight loss during the first and 
second periods of defective diet. This is again shown in 
figure 2, a composite curve of fourteen rats. 

Before going further it was necessary to be sure that the 
rapid weight loss during the second sojourn on defective diet 
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Fig.1 Curves of weight loss of two rats on defective diet. First trial (I), 
second trial (II). 


was not due simply to the fact that the rats were older or to 
differences in external conditions such as season or environ- 
mental temperature. The following experiment was therefore 
carried out: 

Sixty young but mature female rats were divided into two 
groups of thirty each as nearly alike as possible. The average 
weights of the two groups at the start of the experiment were, 
respectively, 168.3 gm. and 170.5 gm. Group I remained on 
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the stock diet as controls, the second group was placed on 
the defective diet for 39 days. At the end of this period the 
average weight had declined to 129.9 gm. whereas that of the 
controls was 191 gm. Group II were then replaced on the 
stock diet and rapidly gained weight so that after a period 
of 20 days they averaged 194.1 gm. At this time the average 
weight of the control group I which had so far been con- 
tinuously on stock diet was 201 gm. Both groups were now 
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Fig. 2 Composite weight curve of fourteen rats during first and second trials 
on defective diet. 


placed on the defective diet and as one sees from figure 3 
group II lost weight not only more rapidly than during the 
first sojourn on defective diet but more rapidly than the con- 
trol group. Furthermore, the curve of weight loss of group I 
is almost identical with that of group II during the first trial 
on defective diet. At the conclusion of the experiment autop- 
sies were done on fourteen rats from each group. Special 
search was made for the usual evidences of vitamin deficiency 
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such as lesions or dystrophies of eyes, skin, hair, claws, nose, 
tongue, tail and internal organs, especially the gastro- 
intestinal tract. The rats were all active and healthy looking 
at the time of autopsy, the fat stores were still abundant and 
no macroscopic lesions were discovered. Rapid weight loss in 
group II was therefore not due to gross disease or to age or 
environmental influences. 

It seems established then that the original experience on 
the defective diet modifies the rat in such a way that weight 
is lost more rapidly when the experience is repeated. The 
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Fig.3 Control experiment to rule out accidental influences in weight loss. 
(For explanation see text.) 


attempt was therefore made to work out some of the quantita- 
tive aspects of this phenomenon. 


Experiment 1 


When rats have lost 20 to 40% of body weight as a result 
of the defective diet and then are placed on a normal diet, 
after how long a sojourn on such normal diet does rapid 
weight loss still occur if defective diet is again fed? Does 
the effect of the first experience persist through the entire 
life of the rat or does it wear off as time goes by? 

Procedure. Six groups of five each of young mature female 
rats were selected so that the average weight of each group 
was practically the same (table 1). The rats were placed for 
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50 days on the defective diet of casein 20% and starch-lard 
80%. They were then returned to stock diet for varying 
lengths of time, after which they were re-tested on the de- 
fective diet. Group I was on stock diet for 11 days before 
the second test, group, IT for 21 days, group III for 31 days, 
group IV for 41 days, group V for 62 days, group VI for 
82 days. The results are exposed in table 1 and figure 4. Con- 
sidering from our present standpoint only the critical period 


TABLE 1 


Experiment 1. Summary of data on weight loss of various groups of rats during 
first and second trials on defective diet 





ORIGINAL DEFECTIVE DIET | REPEATED DEFEOTIVE DIET 





Loss 10 days | Loss 20 days Loss 10 days | Loss 20 days 


Per | Per 
cent | 


Weight | | 
Grams | 





Per Per 
Grams | | cent Grams 


Grams cent cent 





a | 02 | 95 | 53 | 1948 | 84 | 43 | 111] 57 
| 24 | 13 | 110] 61 | 2048 | 15.9 | 7.8 | 200] 9.8 
| 
| 
| 


3.4 | 206.8 | 12.4) 6.0 | 14.0 6.8 
5.6 | 214.4 | 13.4 | 6.2 | 22.0 | 10.3 


02 | 01 6.0 | 


| 
28 | 15 10.2 | 
Gain | Gain | 
] 

| 

| 
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1.6 + 0.9 6.4 | 3.6 | 209.6 J 5.5 | 18.8 9.0 


Gain | Gain 
183 | 3.0 | +16] 3.9 




















2.1 | 228.0 | 15. 6.8 | 23.2 | 10.2 





of the first 10 days on defective diet, it appears that in every 
instance weight was lost much more rapidly during the second 
test period than during the first. Even when the interval 
on stock diet after the first feeding of defective diet was as 
long as 82 days rapid loss of weight still occurred on the 
repeated defective diet. It is evident therefore that even 
though these rats appeared perfectly normal when placed for 
the second time on defective diets, a latent defect still re- 
mained as a dormant legacy of the original insult. 
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Fig.4 Graph of data from experiment I (see text). 





LATENT DEFICIENCY IN RATS 


Experiment 2 


How long an original sojourn on defective diet is necessary 
to secure the rapid weight loss on repeated defective diet? 

Procedure. Five groups of rats (groups II to VI) similar 
to those used in experiment 1 were placed on the defective 
diet. A sixth group (I) were used as weight controls. Group 
II were placed on defective diet for 10 days only, then on 
stock diet until their weight had returned to that of the con- 
trols (1 day), and then for the second time on defective diet. 


TABLE 2 


Experiment 2. Summary of data on weight loss of various groups of rats during 
first and second trials on defective diet 





ORIGINAL DEFECTIVE DIET | REPEATED DEFECTIVE DIET 
DURATION 
OF FIRST | 
STAY ON | GROUP | 
DEFECTIVE Weight 
| 





| Loss 10 days | Loss 20 days | | Loss 10 days | Loss 20 days 


| l Weight! 
r | Per Per 
cent | Grams cent Grams | cont 








| | Per 
DIET | Grams Grams | cent 
| 





days | | | 

10 188.4, 24/ 1.3| /192.8| 5.6 | 2.9/ 17.0 | 88 

20 188.8| 12/ 0.6| fowl 11.0 | 5.4| 20.4 | 10.0 

30 187.2} 36) 19 |203.2| 7.6 | 3.7/ 148 | 7.3 

40 185.2 | +1.2 | +0.6 205.2 | 26.8 |13.1| 38.6 |18.8 

51 186.0} 16] 0.8 | 298.8 11.8 | 5.6| 19.2 | 9.2 
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Similarly group III were on defective diet 20 days, stock diet 
until control weight was regained (4 days) and then for the 
second time on defective diet. Group IV was on defective diet 
30 days, group V 40 days and group VI 60 days. The results 
are shown in table 2 and figure 5. It is seen that an original 
sojourn of only 10 or 20 days was sufficient to lead to weight 
loss more rapid than that of any control group when the rats 
are tested for the second time. Longer periods on defective 
diet (groups IV and V) did not serve materially to increase 
weight loss on repeated exposure. 
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Fig. 5 


Graph of data from experiment 2 (see text). 
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DISCUSSION 


These experiments show in brief, that if normal adult rats 
are subjected to a defective diet and are then restored to ap- 
parently normal health and weight by stock diet, even after 
long periods a second sojourn on defective diet is followed 
by a prompt and rapid loss of weight invariably greater than 
that obtained during the original feeding of the same diet. 
There has been established what for the sake of convenience 
we shall term a state of ‘latent deficiency.’ 

The following possibilities suggest themselves as explana- 
tions of this phenomenon: First of all there might be tangible 
anatomical lesions, perhaps the result of vitamin deficiency, 
perhaps from other causes, which are responsible for poor 
appetite or inadequate absorption of food. No such lesions 
were found, as we have pointed out above. Next one had to 
consider the possibility that the rats simply did not like the 
defective diet and that when they were placed on it for the 
second time they recognized it as having been unpalatable 
previously and therefore ate less. This does not, however, 
seem an altogether satisfactory explanation. Secondary rapid 
weight loss in no way ran parallel with the interval between 
the two feedings of defective diet; even after 80 days on 
stock diet (fig. 4) such secondary rapid loss was very strik- 
ing. It seems improbable that mere distaste for the diet would 
persist over such a long portion of the rats’ life, especially 
since the ingredients are all those which enter into the stock 
diet which rats eat indefinitely with apparent relish. Finally 
comes the question of whether loss of weight is due to lowered 
food intake which in turn is the result of some state of de- 
ficiency produced by the original sojourn on defective diet. 
We have found it technically impossible to measure accurately 
the rats’ daily intake of the present diets; it may be accepted, 
however, as reasonable that loss of weight in animals without 
gross disease is usually associated with diminished intake. 
The problem is whether such diminished intake is a specific 
effect of a deficiency state. There is in the literature con- 
siderable support for this point of view. Animals on diets 
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lacking in vitamin B, for example, can be made to eat more 
and to gain weight by furnishing the vitamin separately from 
the diet so that palatability is not altered (Karr, ’20). 
Furthermore, rate of gain has been shown to run parallel 
to some extent with the amount of the accessory substance 
which is furnished (Osborne and Mendel, ’17). Certain in- 
vestigators present experiments (Sure, Kile and Smith, ’32) 
which they believe prove that vitamin B possesses the physio- 
logical function of stimulating growth per se, unrelated to 
food intake. 

In an effort finally to settle the point the following experi- 
ments were carried out. Four rats with an average weight 
of 162 gm. were given each day 2 ce. of olive oil and 2 cc. of 
50% glucose by stomach tube. A Luer syringe attached to a 
small cannula was found satisfactory, the procedure being 
carried out under light ether anesthesia. The tube feedings 
were given for 14 days at the end of which time the average 
weight was 141 gm. The rats were then placed on stock diet 
for 10 days and the average weight returned to 166.5 gm. 
Tube feeding was then repeated. Figure 6 shows the com- 
posite weight curves during the first and second periods of 
tube feeding, and figure 7 shows the events in an individual 
rat, no. 32591. No lesions were found at autopsy in this ani- 
mal. Ina second experiment five rats were tube fed as above 
for 5 days and then placed on the defective diet of casein and 
starch-lard mixture for 34 days. They were then restored to 
‘normal’ by 2 weeks of stock diet when the original experi- 
ment was repeated. Four control rats of about the same 
weight as the test animals were tube fed and treated in the 
same way during this second experimental period. The aver- 
age weight of test rats at the start of the second trial of tube 
feeding was 202 gm., and of the controls 200 gm. The events 
are shown in figure 8. It is seen in both experiments that 
even with the food intake controlled by tube feeding, a second 
period of defective diet results in more rapid weight loss 
than the first trial, although the discrepancy is not as great 
as when food is simply placed in the cage. 
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COMPOSITE CURVE - FOUR RATS 
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Fig.6 Curve of weight loss in tube feeding experiment (see text.) 
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Fig.7 Curve of weight loss in tube feeding experiment (see text). 
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It seems clear therefore that the rapid secondary weight 
loss described in our experiments is not an artifact but is 
associated with some real alteration in the animal which has 
been produced by the original sojourn on defective diet. 
There has been established what may perhaps be called a state 
of ‘latent deficiency.’ 

It is known that a previous state of clinical deficiency from 
which the animal appears to have recovered may occasionally 
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Fig.8 Curve of weight loss in tube feeding experiment (see text). 


be followed by certain lasting effects such as sterility. Bau- 
mann, Riising and Steenbock (’34) made quantitative studies 
of absorption and storage of vitamin A in the rat. Of interest 
in connection with our work, they point out how readily vita- 
min A stores may be depleted and the difficulty in restoring 
large reserves. Rats in which no A could be demonstrated 
might appear perfectly well and continue to grow for several 
weeks before clinical xerophthalmia appeared. King and 
Menten (’35) report that guinea pigs partially depleted of 
vitamin C reserves but without showing external signs of 
scurvy succumbed after injection of diphtheria toxin in half 
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the time that controls survived. Similar studies have been 
made in man such as that of Jeans and Zentmire (’36) who 
concluded, using dark adaptation as a test for vitamin A 
inadequacy, that 26 to 79% of children in Iowa had a latent 
deficiency. 


SUMMARY 


Rats which have lost weight as the result of a defective 
diet and have then been restored to ‘normal’ by stock ration 
show a more rapid weight loss if now placed for a second time 
on the same defective diet. This ‘secondary rapid weight 
loss’ may occur after as long an interval as 80 days between 
the first and second periods on defective diet. The nature 
and significance of the phenomenon are discussed, and it is 
pointed out that it is not due to anatomical lesions or to 
accidental conditions but must be ascribed to some real altera- 
tion in the status of the animals. 


LITERATURE CITED 


BauMANN, C. A., B. M. Rusine AND H. STEENBOCK 1934 The absorption and 
storage of vitamin A in the rat. J. Biol. Chem., vol. 107, p. 705. 

JEANS, P. C. AND Z. ZENTMIRE 1936 The prevalence of vitamin A’ deficiency 
among Iowa children. J. Am. Med. Assn., vol. 106, p. 996. 

Karr, WALTER G. 1920 Some effects of water soluble vitamin upon nutrition. 
J. Biol. Chem., vol. 44, p. 255. 

Kine, E. G. anp M. L. MENTEN 1935 Influence of vitamin C level upon re- 
sistance to diphtheria toxin. J. Nutrition, vol. 10, p. 129. 

OsBoRNE, THOMAS B. AND LAFAYETTE B. MENDEL 1917 The role of vitamins 
in the diet. J. Biol. Chem., vol. 31, p. 149. 

SurE, Barnett, M. C. KILE anp M. E. SmitH 1932 The specific effects of 
vitamin B on growth. J. Nutrition, vol. 5, p. 155. 




















FURTHER STUDIES ON THE GROWTH PROMOTING 
FACTOR ASSOCIATED WITH SUMMER MILK? 


G. O. KOHLER, C. A. ELVEHJEM AND E. B. HART 


Department of Agricultural Chemistry, University of Wisconsin, Madison 
ONE FIGURE 


(Received for publication January 28, 1937) 


In 1934 it was shown by Elvehjem, Hart, Jackson and 
Weckel (734), Stirn, Elvehjem and Hart (’35) that milk pro- 
duced by cows on a regular winter ration was markedly in- 
ferior in nutritive value to milk produced by cows that had 
access to summer pastures. Properly prepared rats on 
mineralized summer milk grew more than 4 gm. per day over 
a 6-week period, while rats on mineralized winter milk grew 
only about 24 gm. per day.? Ina recent note the authors (’36) 
pointed out that the feeding of 3 cc. of grass juice per day to 
rats on winter milk stimulated growth to more than 4 gm. 
per day, a rate comparable to that obtained on summer milk. 

Thus the seasonal changes in the nutritive value of milk 
can be related directly to the presence or absence of a factor, 
or factors, in the forage ingested by the cows. The green 
succulent grass consumed during certain periods of the 
summer carries an amount of the factor in question which is 
sufficient, not only for the body needs, but also for trans- 
mission into the milk. During the winter months, the cow 


* Published with the permission of the Director of the Wisconsin Agricultural 
Experiment Station. 

Supported in part by a grant from the Research Fund of the University. 

**Properly prepared’ rats refers to special care taken to prevent the young rats 
from eating the mother’s ration and mineralized milk is milk to which specific 
quantities of iron, copper and manganese are added to supply mineral deficiencies 
in the milk. 
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must rely mainly upon dried fodder which has lost most of 
its potency in respect to the factor under discussion through 
preparation and storage. The growth promoting property 
of the milk may be maintained until the stores of the factor 
in the animal’s body are exhausted, but then the amount in 
the milk decreases. 

We should point out that our work has been with cows 
maintained in a region where common practice dictates that 
they receive dry fodder supplemented with corn silage at 
least 6 months of the year. In other areas, where the winter 
period is shorter, the nutritive change in the milk which we 
have noted may not be so drastic. However it is possible 
to decrease definitely the growth promoting value of milk at 
any time of the year by placing cows on a dry ration for 
several months. 

From a practical point of view, several interesting ques- 
tions arise. First we must consider the possibility of pro- 
ducing a milk of summer quality the year around. The pos- 
sible use of A.LV. silage* and forage preserved by other 
methods for the purpose of improving the nutritive quality 
of milk is now in progress in this laboratory and preliminary 
results have been published (Peterson et al., ’35). Another 
question is the preservation of the growth promoting quality 
of milk from the time of production until consumption. Work 
on the effect of pasteurization has been published (Elvehjem 
et al., °34) and studies on canning and other methods of 
processing will be published in another paper. The other 
possibility is the use of foods rich in this factor as supple- 
ments to milk of known decreased nutritive value. Studies 
on this question as well as the relation of the factor to known 
vitamins will be presented in this paper. 

In 1935 in a paper dealing with the nutritional anemia pro- 
duced in rats restricted to a diet of goats’ milk (Kohler, 
Elvehjem and Hart, ’35), it was reported that, although the 
anemia was corrected by the addition of iron and copper, 


*A.I.V. silage is the name given to green forage preserved with mineral acids 
according to the method originated by A. I. Virtanen. 
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growth on the mineralized goats’ milk was very poor. In 
many cases the rats, after a short period of growth, lost weight 
and finally died. It was further demonstrated that this con- 
dition was completely corrected by the addition of 0.25 gm. 
of dried hog brain per day to the mineralized goats’ milk fed 
ad libitum. Growth rates as high as 5 gm. per day were 
obtained with rats on goats’ milk by the use of this supple- 
ment. Other supplements such as pure vitamin B(B,), cod 
liver oil, and yeast showed little or no. activity. Dried whole 
liver produced a definite response but was not as potent as the 
brain. 

At first it was tentatively assumed that the limiting factor 
of goats’ milk and that of cows’ milk were the same, but it 
soon became evident that this was not the case, since brain, 
which produced such striking results as a supplement to goats’ 
milk, has proved to be a poor supplement for winter cows’ 
milk. 

The purpose of the work presented in this paper was to 
demonstrate the identity or non-identity of the factor found 
in grass juice with known vitamins. 


EXPERIMENTAL 


Certain precautions were taken previous to the experi- 
mental period to reduce the possibility of storage by the young 
rats of the factor involved. When the rat pups were 10 
days old, the litters together with the mothers were placed 
in individual cages with wire screen bottoms. The only food 
in the cages was the basal winter milk. The mothers were 
removed once a day to receive the grain ration used for the 
stock colony. Thus the ingestion of the growth factor was 
limited to that in the mother’s milk. In spite of these pre- 
cautions we have found certain litters of rats to give fair 
growth even on some of the milks known to have a reduced 
nutritive value. 

The rats were weaned at 3 weeks of age and started on 
the experiment immediately, each rat being placed in an 
individual cage. The supplement to be tested was placed 
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in the feed dish in the morning together with a little milk. 
Later in the day, when the rat had completely consumed the 
supplement and milk, the dish was filled with milk so that 
ad libitum feeding was assured. The rats received their 
iron, copper and manganese in the forms of ferric pyro- 
phosphate, cupric sulfate and manganous sulfate, respec- 
tively. These minerals were administered as follows: 

First week: 0.5 mg. Fe + 0.05 mg. Cu per rat daily 

Second week: 0.5 mg. Fe + 0.05 mg. Cu + 0.04 mg. Mn per rat daily 

Third to sixth week: 1.5 mg. Fe + 0.15 mg. Cu + 0.15 mg. Mn per 100 ee. of milk 
For the first 2 weeks, the minerals were given as solutions 
with the supplements in the morning. During the rest of 
the experiment, the minerals were added to the bulk of the 
milk as indicated. The duration of the experiments was 6 
weeks and the animals were weighed weekly. The milk was 
brought daily from the dairy barn in aluminum pails, the 
portion reserved for afternoon feeding being stored in a 
refrigerator. 

Milks from individual cows on winter barn rations were 
used as basal diets for the supplement work. Some of these 
cows had received no other ration since they were weaned, 
a duration of about 3 years. A typical ration, that of cow 


no. 6 was as follows: 
37 corn meal 
37 ground oats 
26 gluten meal 
_ 1 iodized salt 
25 pounds corn silage 
7 pounds timothy hay 


18 pounds grain 


No consistent difference in growth promoting quality was 
found between the milk from cows on this ration and that 
from cows on a comparable ration containing alfalfa instead 
of timothy hay (table 1). In fact the limited data which we 
have indicate that the rats on the milk from the cows receiving 
timothy hay grew slightly better than those receiving the 
milk from the cows on alfalfa hay. Recent results (un- 
published data) indicate that the potency of a hay in the 
growth factor, with which we are here concerned, may vary 

















GROWTH FACTOR IN SUMMER MILK 135 


considerably depending upon the conditions under which it 
was grown, the stage of growth when cut, and the method of 
drying. Thus, it is quite possible that if all three of these 
variables were optimally controlled, a high quality of milk 
might be produced even on a dry ration. However, hay 
produced under ordinary farm conditions contains little or 
none of the active principle, hence the seasonal variation in 
the nutritive quality of commercial milk (Elvehjem, Hart et 
al., 34). 
TABLE 1 


The growth averages of rats on mineralized milk from cows of different breeds 
and receiving various dry rations 














| MALE RATS FEMALE RATS 
cow | BREED ROUGHAGE | eicindiaen, 
| Setieaste | | Dell eal 
| | | wo, | Beliygsin | wo, | Dol gain 
| gm. gm. 
No. 2 Holstein | Timothy 2 | 2.59 3 2.35 
No. 5 Holstein | Timothy 20 2.78 17 2.15 
No. 6 Holstein | Timothy |} 10 | 261 | 12 2.04 
No. 10 Holstein | Alfalfa 3 | 2.33 1 1.93 
No, 11 Holstein | Alfalfa | 9 | 2.02 | 7 1.76 
No. 18 Holstein | Alfalfa 1 2.26 3 1.74 
No. 909 | Ayrshire | June grass | 
and alfalfa | 7 | 2.76 | 5 | 2.07 
No.911 | Ayrshire | June grass | 
and alfalfa | 7 | 2.59 | 5 | 2.03 
Christine | Guernsey | Alfalfa | 10 | 255 7 | 2.40 











The growth promoting value of milk varies considerably 
with individual cows. These individual variations generally 
overshadow effects of breed or ordinary changes in winter 
rations. Growth averages of rats on mineralized milk from 
cows of various breeds on dry rations are given in table 1. 
In spite of the different variables the growth falls quite con- 
sistently between 2.0 to 2.8 gm. per day. 

The list of supplements tried and growth responses ob- 
tained when they were fed in addition to mineralized winter 
milk are given in table 2. In each case, the increase in growth 
of the rats on the supplemented diet over that obtained for 
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rats from the same litter on the basal mineralized milk alone 
are given in terms of daily gain. Although male and female 
rats were used for the supplement studies, the table includes 
records for male rats only since, as is shown in table 1, females 
do not show the marked difference that the males do. The 
figures given represent the average of three or four rats in 
each case. The average daily gain is also included for those 
supplements showing activity so that the growth may be com- 
pared with previous data. It is readily seen that those sup- 


TABLE 2 


The effect of various supplements as additions to mineralized winter milk 
(male rats only) 





GAIN OVER GAIN IN 


SUPPLEMENT LEVEL FED (PER DAY) CONTROLS (GM.)| WEIGHT (GM.) 
PER DAY) PER DAY) 

Cod liver oil 0.1 gm. 0.08 

Orange juice 1.0 ee. — 0.52 

Defatted wheat germ 1.0 gm. 0.27 

Brewer’s yeast 0.1 gm. 0.14 

Brewer’s yeast 0.5 gm. 0.49 

Dried hogs’ brain 0.25 gm. 0.55 

B, concentrate = 0.5 gm. liver extract 0.55 

Fresh lawn grass 3.0 gm. 1.68 3.91 
Grass juice 0.5 ec. 0.91 

Grass juice 3.0 ee. 169 =| 4.48 
Dried oat grass no. 180 0.6 gm. 1.36 | 3.98 
Dried oat grass no. 223 0.6 gm. 0.55 3.17 
Liver extract sample 1 0.2 gm. 1.38 

Liver extract sample 1 0.5 gm. 123 | 3.40 
Liver extract sample 2 0.5 gm. 0.67 

Rice bran 0.2 gm. 1.29 3.77 





plements supplying ample amounts of the better-known vita- 
mins produced no significant increase in growth. The results 
with cod liver oil definitely eliminate vitamins A and D. 
Results given in a previous paper (Elvehjem, Hart et al., 
°34) demonstrated that the rats were ingesting sufficient 
amounts of vitamin A from the winter milk itself. 

Since rats synthesize vitamin C, it was unnecessary to test 
this factor, but nevertheless orange juice was fed to elimi- 
nate any other factors it might carry. Thus vitamin P, the 
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factor recently reported by Rusznyaék and Szent-Gyorgyi 
(’36) cannot be concerned in this problem. 

Yeast fed at a fairly low level (0.1 gm. per day) produced 
no appreciable response. Vitamin B(B,) assay of this yeast 
(unpublished data) showed that only 0.025 gm. was required 
per day to give optimum growth on a vitamin B low ration. 
Hence the rats on winter milk could not have been suffering 
from an insufficient intake of vitamin B. Additional evidence 
against a possible B deficiency is the poor growth obtained 
with the defatted wheat germ (Vio Bin)* when fed at a level 
of 1.0 gm. per day. Assay of this product showed that this 
level supplied about ten times the amount of vitamin B needed 
for optimum growth. 

Since Birch, Gyorgy and Harris (’35) found that 0.2 gm. 
of yeast per day supplied ample flavin and vitamin B, for a 
rat, several rats were given a higher level of yeast. Five- 
tenths of a gram per day was fed to insure against variations 
in yeast. Although this level of yeast did produce a slight 
effect, growth did not approach normal values (e.g., that ob- 
tained on summer milk). These results indicate at least that 
the limiting factor of winter milk is not flavin or vitamin Bg. 
Also none of the symptoms of either deficiency was observed 
in any of the rats on the basal winter milk. 

Another factor which was ruled out by the poor growth 
response produced by 0.5 gm. yeast per day is the ‘alcohol- 
ether precipitate factor’ from liver extract. Elvehjem, Koehn 
and Oleson (’36) have shown that 4% of yeast supplies enough 
of this factor to produce a maximum growth response, and 
0.5 gm. per day is equivalent to about 10% of the rat’s intake 
of food calculated on the dry basis. Further proof of the non- 
identity of this factor with the limiting factor of winter milk 
is furnished by the fact that 20 ce. of winter milk per day is 
all that is needed to produce optimum growth in rats on the 
‘aleohol-ether precipitate factor’ deficient basal ration used, 
while rats on mineralized winter milk alone consume 35 to 





*Vio Bin is a wheat germ product which has been defatted and was kindly 
supplied by the Vio Bin Corporation, Chicago. 
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50 ce. per day. Thus they were getting in the basal milk diet 
about twice as much of the ‘alcohol-ether precipitate factor’ 
as is necessary for optimum growth. 

Defatted wheat germ has been shown to be a good source of 
vitamin B, in chicken work in this laboratory (Kline et al., 
36). Since it is very difficult to produce a B, deficiency in 
rats, it is probable that the B, requirement of the rat is very 
low, and therefore 1 gm. of defatted wheat germ per day, 
which is equivalent to between 15 and 20% of the diet should 
supply enough. Twenty per cent of defatted wheat germ in 
vitamin B, low basal rations for chicks protects them from 
the deficiency. 

The poor response obtained with a level of 0.25 gm. of dried 
pork brain per day shows, as was pointed out above, that 
the ‘goat milk factor’ is different from the limiting factor 
for growth of rats on mineralized winter cows’ milk 

In spite of the fact that no clear cut vitamin G (B, anti- 
pellagra factor) deficiency has been obtained in rats, it was 
considered advisable to show definitely that the ‘grass juice 
factor’ could not be related to vitamin B,. This was done by 
feeding a purified liver extract concentrate which was active 
in curing blacktongue in dogs and pellagra-like symptoms in 
chickens. Only a very slight response was obtained. 

Since McHenry (’35) found some effect of choline upon the 
growth of young rats fed on a purified diet, the possibility 
of choline being active was also considered. Fletcher, Best 
and Solandt (’35) have reported that both yeast and brain 
tissue are rich in choline, but neither gave good growth 
responses as supplements to winter milk. 

The definite response obtained with lawn clippings or the 
juice expressed from grass established the superiority of this 
material as a source of the factor. The grass was cut fresh 
every morning from the lawns of the university grounds. It 
consisted chiefly of Kentucky blue grass. Juice was prepared 
by pressing out a portion of this freshly cut grass with a 
screw press. The expressed juice was then clarified by centri- 
fuging for 15 minutes. Each rat received 3 cc. of this cell free 
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juice per day. Growth curves from some typical experiments 
are presented in figure 1. Rats receiving this supplement grew 
as well as any rats on mineralized summer milk. These data 
are typical of a number of experiments. However, we have had 
several failures with lawn grass, but these negative results 
were always obtained when the grass was cut during dry 
periods when the plants were making very little growth. This 
suggests that rapidly growing succulent materials are the 
most potent. Further evidence concerning this problem was 


Jui +3 


> 





Fig.1 Showing the effect on the growth of rats of grass and grass juice as 
supplements to winter milk. 


obtained by the use of dried oat grass prepared by the Ameri- 
can Butter Company. Sample no. 180 was cut when the oats 
were very young (18 days old) and contained 40% protein 
on the dry basis. Sample no. 223 was cut 12 days later and 
contained only 30% protein. Both samples had been obtained 
from the same field, and were dried at 160°F. under identical 
conditions. Sample no. 180 at a level of 0.6 gm. per day, which 
suppiied somewhat more dry matter than 3 gm. of fresh grass, 
gave very excellent growth. Sample no. 223 cut at a later 


* We wish to thank Mr. C. F. Schnabel and Mr. Meryl Bowman of the American 
Butter Company for making this material available to us. 
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stage, showed distinctly less activity. The fact that these 
dried samples, especially sample no. 180, gave good growth 
responses indicates that this factor will withstand drying 
when carried out under proper conditions. Oats seedlings 
grown in a greenhouse failed to give as satisfactory results. 
Thus, the environmental conditions undoubtedly have a pro- 
found effect upon the amount of certain nutritive factors 
found in the plant. Similarly we have found several batches 
of alfalfa to give poor results. Here, however, enough juice 


TABLE 3 


Record of milk consumption by the rats on the winter milk and the winter milk 
supplemented with grass and grass juice 





MALES FEMALES 
a Intake of a Intake of 
—— Milk milk solids | “ain in Milk milk solids 
welt in intake for per gram eoluhh te intake for per gram 
4 lies i 4 weeks | increase in 4 a 4 i 4 weeks | increase in 
‘ body weight eons body weight 
gm. ee. gm. : gm. ay ee. ‘ gm ‘ 
Litter 4230 
Control 64 1061 2.41 73 1335 2.66 
$ ce. grass juice 98 1454 2.15 77 1613 3.04 
3 gm. grass 125 2126 2.47 81 1709 3.06 
Litter 4270 
Control 74 1063 2.28 64 940 2.13 
3 ee. grass juice 122 1853 2.20 78 1429 2.66 
3 gm. grass 112 1563 2.03 86 1699 2.86 


* The 4 weeks included the third, fourth, fifth and sixth weeks of the experiment. 


was prepared at one time to last 6 weeks, so that the active 
material might have been lost during storage in spite of the 
fact that KCN was added, and it was kept in an ice box. 

The only other materials which showed a potency com- 
parable to that obtained with the leafy plant materials were 
rice gran and liver extract. Rice bran fed at a level of 0.2 
gm. per day gave a surprisingly good response. Liver extract 
at the same level produced good growth and a higher level, 
0.5 gm. per day, gave no better response. However, when a 


*We are indebted to Dr. David Klein, Wilson Laboratories, Chicago, for the 
samples of liver extract used. 
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different batch of the liver extract was tested very little in- 
crease in growth resulted. Much more work is necessary be- 
fore we can make definite conclusions about the distribution 
of this factor in materials other than rapidly growing young 
plants. 

Consumption records were kept during the last 4 weeks of 
several of the experiments in which potent grass and grass 
juice were used, and the results are given in table 3. From 
these records it can be seen that the males, which were grow- 
ing faster due to the addition of grass juice or grass, ate cor- 
respondingly greater quantities of milk than the controls 
receiving no grass. Thus, the ratio of food intake to gain 
in weight remains practically constant. When females receive 
grass in addition to winter milk, their food intake rises 
markedly, and, although there is a definite increase in body 
weight over that of the controls, this increase is not great 
enough to be proportional to the increase in intake of milk 
solids. Thus this factor stimulates growth, which in turn in- 
creases the food requirement. There is no indication that it 
increases the efficiency of utilization of the ingested nutrients. 


DISCUSSION 


The data presented above show that fresh or carefully dried 
green plant tissues contain a substance (or substances) which 
is the limiting factor for growth of rats on mineralized winter 
milk. The activity of the fresh plant tissues may be demon- 
strated by use of the expressed juice. The daily dose of juice 
necessary to produce optimum growth is 0.1 gm. on the dry 
weight basis. The samples of liver extract and rice bran 
tested showed some potency. 

It will be noted that various other supplements produced 
slight increases in growth over the controls. For example, 
yeast produced an increase of 0.49 gm./day. This might 
be interpreted as meaning that yeast contains a small amount 
of the factor, but it would not be a safe conclusion to make 
since the difference is not greater than that due to individual 
variations observed between some of the rats; further there 
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were not sufficient numbers of animals used to allow statisti- 
cal treatment of the data. 

In view of the fact that grass is most potent when it is cut 
during the most rapidly growing stage, it was thought pos- 
sible that plant growth stimulants, the auxins, which have 
been isolated from urine, might be involved in the growth 
of these animals. Hence, one of these, heteroauxin (8 indo- 
lylacetic acid)* was tried as a supplement to the basal milk, 
but no conclusive results were obtained. 

von Wendt (’35), in Finland, has published work which 
indicates that the seasonal variation in nutritive quality of 
milk is of importance in human nutrition in territories where 
milk and milk products are the chief articles of diet. He has 
also reported rat and mouse feeding experiments which 
demonstrated the nutritive difference between winter and 
summer milk, although he makes no mention of supplementing 
these milks with iron, copper and manganese, so that de- 
ficiencies of these elements probably complicated his work. 

We should also like to emphasize the importance of this 
problem of winter versus summer pasture milk in relation 
to child nutrition; to the evaporated and condensed milk in- 
dustry and to the production of powdered milk. Further 
what relation does the ‘grass juice factor’ sustain to the well- 
known stimulation to milk production observed when cows 
on winter rations are turned to green pasture, and is its 
preservation of distinct moment in the health of the cow? 

Henry and Kon (’36), of England, have reported recently 
that they could demonstrate no difference in the growth of 
rats on summer and winter milk. In their work they used the 
paired feeding method, limiting the intake of the rats on 
summer milk to the level consumed by those on winter milk. 
A consideration of table 2 would lead one to expect that no 
difference would be obtained using the paired feeding method, 
since the growth obtained is proportional to intake in the 
case of the males, where the most striking growth difference 
is noted. 


* This sample was kindly supplied by Dr. K. V. Thimann (Harvard University). 
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Another factor which we consider to be of prime im- 
portance is the special care which must be taken to prevent 
the young rats from obtaining stores of the factor. Kon 
took no special precautions in the preparation of his animals. 


SUMMARY 


1. A series of supplements was fed to rats receiving 
mineralized winter milk ad libitum. Growth was stimulated 
by daily supplements of 3 gm. fresh grass, 3 ec. grass juice, 
0.6 gm. dried oat grass, 0.2 gm. rice bran, or 0.2 gm. liver 
extract. 

2. The known essential food factors, such as vitamins A, D, 
C, B, B., B, and Bs, as well as flavin, choline, ‘goat milk 
factor,’ and ‘alecohol-ether precipitate factor,’ have been elimi- 
nated from consideration as being the active principles, by the 
inferior growth responses produced by daily doses of 2 drops 
of cod liver oil, 1 ec. orange juice, 0.56 gm. brewers’ yeast, 
0.25 gm. dried brain, and 1.0 gm. defatted wheat germ. 

3. Increased growth of rats on mineralized winter milk 
receiving a grass, or grass juice, supplement over that of 
controls receiving no supplement is accompanied by an in- 
crease in milk consumption. 
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Although a considerable literature exists in regard to many 
aspects of the problem of undernutrition and starvation, not 
one investigation could be found in which the process of 
phagocytosis was investigated under these conditions. The 
only paper dealing with immunological properties under the 
condition of starvation was that by Zilva (’19), who kept 
guinea pigs from 10 to 28 weeks on a restricted mixed diet 
and studied the serum in regard to agglutinin and amboceptor 
reactions. In these experiments no differences between the 
titers of the control and experimental animals was observed, 
which may be due 1) to the small series of animals employed, 
2) to the fact that the sera were pooled. The influence of 
undernutrition and starvation on phagocytosis was made the 
subject of this investigation 1) because it is in general as- 
sumed that the nutritional state of an individual has a great 
influence on the course of infectious diseases, but no scientific 
investigation seems to exist to justify this claim on the basis 
of the immunological properties of the blood; 2) because a 
study of the effects of losses of body weight on phagocytosis 
seems essential for a correct interpretation of the results 
obtained in the preceding studies of Gellhorn and Dunn (’37). 
These authors showed that vitamin A deficiency in the diet 


* Aided by a grant from the Ella Sachs Plotz Foundation. 
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diminishes the phagocytosis promoting properties of the 
serum. Since vitamin A-deficiency is associated with loss in 
body weight it is important to know whether the alterations 
in phagocytic index are due to the loss in body weight or to 
the absence of the specific influence of vitamin A. 


METHOD 


The experiments were carried out on 127 rats during 1935 
and 1936. The control rats were fed with Dickinson’s dog 
food (mixed grains and lettuce). The experimental rats 
were divided into two groups, the first comprising rats sub- 
jected to acute starvation, whereas the second served in 
chronic undernutrition. Food was withheld completely in the 
acute experiment. In the chronic experiment thé rats obtained 
the normal food given to the control rats, but in restricted 
amounts. Ordinarily food was given only every second or 
third day, depending on the degree of weight loss observed. 
At the end of each experiment the animals were killed and 
the phagocytosis promoting power of the sera was compared 
with that of the controls. The material which was ingested 
was starch and Hamburger’s method was used in a modified 
form. Concerning all the details, compare the paper of 
Gellhorn and Dunn (’37). 


RESULTS 


In the acute starvation experiments rats weighing 200 to 
250 gm. were used. They were given no food, but water was 
given freely. At the end of 6 to 8 days’ starvation the animals 
were killed. Nine experiments were carried out on fifty-eight 
starving rats, and eighteen controls. Of the fifty-eight rats 
fifteen, equaling 25.9%, died of pneumonia or other infectious 
diseases. The results obtained with the rest are indicated in 
figure 1. 

It was obvious from this figure that under the influence of 
acute starvation the phagocytic index of the serum of the 
starved animals was quite different from that of the controls 
in a considerable number of cases. The results, however, 
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were not uniform, insofar as eleven animals showed an in- 
creased phagocytic index, whereas twenty-one showed a de- 
crease in phagocytic index, the remaining number showing 
a phagocytic power similar to that of the controls. 

This result seems to be best explained on the basis that 
during acute starvation the animals were easily susceptible 
to various infectious diseases, as is brought out by the high 
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Fig.1 The influence of acute starvation (6 to 8 days) on the phagocytosis 
promoting properties of the serum. Normal rat leucocytes obtained by intra- 
peritoneal injection of saponin-Ringer were incubated in a buffered starch- 
phosphate-Ringer solution containing control and experimental serum, respectively. 
Squares = controls. Dots = experimental sera. Each dot or square represents 
one experimental animal. Abscissa: Weight loss in percentage of original 
weight. Ordinate: Phagocytic index in percentage of phagocytosis obtained 
in the presence of control serum. 
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mortality. Under such conditions the phagocytic index may 
rise. In other cases the phagocytic index is lowered, which 
may be due to an alteration or exhaustion of the production of 
opsonins during the starvation process so that the typical 
response to an infectious process, i.e., an increase in the 
phagocytic index, will not occur in acute starvation. It is, 
however, possible that even in the absence of any infectious 
process the phagocytic index is lowered in starvation. This 
latter interpretation is most probable in view of the fact that 
with increasing loss in body weight there is an increased 
number of cases which show a loss in phagocytic index. 
Furthermore, the greatest decrease in phagocytic index is 
observed in cases where the loss of body weight was greatest. 

As careful histological studies of the pathological processes 
which may have been going on in these animals were not 
undertaken, this explanation is only a tentative one. In 
order to establish the relationship between starvation and 
phagocytosis on a firm physiologic basis, it was thought de- 
sirable to keep the animals on a restricted diet which may lead 
to a sufficient loss in body weight, but which is not severe 
enough on the animal to lower its general resistance, as was 
the case in the acute starvation experiments reported above. 
For this reason chronic experiments with undernutrition were 
carried out in two groups, the first dealing with growing rats, 
the second with adult rats. 

In the first group (fig. 2), six rats, weighing between 90 
and 120 gm., were fed every second or third day with our 
standard diet (see above), so that in the course of 26 days 
no increase in body weight occurred, whereas the growth in 
the two controls which were fed every day was considerable. 
At the end of this period the animals which were apparently 
in perfect health were killed and the phagocytic index of the 
serum was determined. The results in table 1 are conclusive. 
They show that undernutrition which inhibits growth during 
a period of 4 weeks does not interfere at all with the phago- 
eytosis promoting properties of the serum. 
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Fig.2 Weight curves of two control rats (C, and C,) which were fed daily, 


and six experimental animals which were fed every second or third day with the 
same standard diet. 


TABLE 1 


The influence of inhibition of growth on the phagocytosis promoting properties 
of the serum 


I II 
aan NUMBER OF LBUCOCYTES | TOTAL NUMBER PHAGOCYTIC aa 
WH a oF —- INDEX I/11 OF CONTROL 
% — % 

Control 1 260 495 52.6 512 100 
Control 2 275 550 50.1 ~~ 100 

No. 1? 143 293 48.7 95.4 
No. 2 86 186 46.2 90.5 
No. 3 100 200 50.0 97.7 
No. 4 105 200 52.5 102.5 
No. 5 95 190 50.0 97.7 
No. 6 


95 185 50.5 98.7 


* Nos. 1 to 6, experimental animals fed only every 2 to 3 days so that growth 
was inhibited. 
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A last group of experiments was carried out with forty- 
three rats weighing 200 to 250 gm. Ten rats were kept as 
controls, the remaining thirty-three were used as experimental 
animals in an experiment on the effects of undernutrition. 
Similarly, as in the preceding group of experiments, the ex- 
perimental animals were fed every second or third day, 
whereas the controls were fed daily. In five experiments, 
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Fig.3 The influence of chronic undernutrition on the phagocytosis promoting 
power of the serum of adult rats. The experimental animals (dots) were fed 
only every second or third day with the standard diet. The duration of the 
experiments (each with two control animals) varied between 25 and 42 days. 


reproduced in figure 3, the duration of the period of under- 
nutrition varied between 25 and 42 days. The loss in body 
weight varied between 24 and 49%. The animals were killed 
at the end of the experimental period and were apparently 
in a good state of health with no outward signs of any in- 
fectious processes. The results indicate that with the excep- 
tion of two rats,? which showed an increased phagocytic index, 


* This experiment was carried out during a severe heat wave in July, 1936. 
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the phagocytic index of the rats was either within normal 
limits or, and this was the case in 18 or 55% of the rats, de- 
creased. The decrease in phagocytic index seems to be a 
function of the loss in body weight, the threshold being at 
approximately 38% weight loss. Figure 3 shows that the 
phagocytic index was considerably decreased in sixteen, or 
76%, of the rats who showed a loss in body weight of 38% 
or more. 

These experiments show that in the absence of acute infec- 
tions, undernutrition leading to considerable loss in body 
weight interfered with the maintenance of a normal phago- 
eytic index of the serum. It gives us a means of evaluating 
the results previously published by Gellhorn and Dunn. In 
these investigations it was found that under conditions of 
vitamin A deficiency a decrease in phagocytic index occurs. 
There was, however, no parallelism between the decrease in 
phagocytic index and loss of body weight. Moreover, the 
experiments reported in this paper show that the phagocytic 
index is lowered only when a loss of about 35 or more per 
cent of body weight has occurred. Among the experiments 
reported by Gellhorn and Dunn only two animals which were 
subjected to lack of vitamin A for several weeks showed a loss 
in body weight between 30 and 35%. Neither of these two 
eases showed a decrease in phagocytic index, which proves 
conclusively that the results obtained in our former paper 
were independent of the loss in body weight incurred and 
due to the absence of vitamin A in the food. 

In an attempt to interpret the data presented in this paper, 
two sets of observations must be considered. The first con- 
cerns the serum proteins under starvation and undernutrition. 
Torbert (’35) showed that the total serum protein decreased 
slightly under starvation. The differences seem, however, 
not to be significant, at least as far as the effect of acute 
starvation for 6 or 7 days is concerned. When he pooled the 
sera of four control and four fasting rats he found a total 
protein concentration of 6.9% and 6.95%, respectively. The 
quotient ee had, however, decreased from 0.84 to 0.40, indi- 
cating even an increase in the globulin fraction. In view of 
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the fact that phagocytosis is much greater in globulin than in 
albumin solutions (Kanai, ’23; Mudd, McCutcheon and Lucké, 
’34) the alterations occurring in the serum proteins cannot be 
the cause of the decrease in phagocytosis during starvation. 

The second group of observations concerns the changes in 
glands with internal secretion under the influence of starva- 
tion and undernutrition. It is known from the work of Jack- 
son (716 and ’25), Chang (’25), Rabinovitch (’29), and more 
recently by Trendelenburg (’34), that in acute starvation and 
chronic undernutrition the histological picture of the thyroid 
gland is altered considerably. The decrease in the height of 
the epithelium and the absence of mitosis seems to indicate a 
diminished physiological activity. Similar changes, to a lesser 
extent, are found in the parathyroid glands (Jackson, loc. cit). 
Since it is known from the work of Asher (’24), Abe (’25), 
Fleischmann (’27) and others that the phagocytosis promot- 
ing properties of the serum are decreased after thyroidectomy 
and increased after transplantation of a thyroid or adminis- 
tration of thyroxin it seems not unlikely that the results 
obtained in this study are due, at least in part, to a decreased 
secretory activity of the thyroid. Concerning the influence 
of other organs with internal secretion on phagocytosis little 
is known (compare the review of Mudd, McCutcheon and 
Lucké). It may, however, be mentioned that the parathyroid 
may play an important role since histological evidence of 
decreased physiological activity has been reported by Jackson, 
and we have found in extensive unpublished experiments that 
parathormone considerably increases the phagocytosis of 
starch in vitro. 


SUMMARY 


Experiments on the effect of acute starvation and chronic 
undernutrition were carried out in rats and the influence of 
these conditions on the phagocytosis promoting power of the 
serum was investigated. It was found that acute starvation 
produces a definite tendency toward a progressive decrease 
in phagocytic index in correlation with loss in weight. There 
were, however, a number of animals with an increase in 
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phagocytic index probably due to the occurrence of acute in- 
fections from which we lost many animals. 

In experiments with chronic undernutrition in which the 
animals were fed only every second or third day during a 
period varying between 25 and 42 days, it was found that 
when the loss in body weight was greater than about 38% a 
considerable decrease in phagocytic index occurred. 

Experiments carried out on growing rats, in which the 
standard diet was fed every second or third day so that no 
growth occurred during the period of 4 weeks, did not show 
any change in phagocytic index. 

In view of the fact that chronic undernutrition lowers the 
phagocytic index only when the loss of body weight is about 
38% or more the results obtained in a preceding paper show- 
ing that during a prolonged period of lack of vitamin A in 
the food the phagocytic index is decreased, must be considered 
to be due to the lack of vitamin A and not to loss in body 


weight. 
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THE ROLE OF MANGANESE AND CERTAIN OTHER 
TRACE ELEMENTS IN THE PREVENTION 
OF PEROSIS 


H. 8. WILGUS, Jr., L. C. NORRIS AND G. F. HEUSER 
Department of Poultry Husbandry, Cornell Uniwersity, Ithaca 


(Received for publication January 12, 1937) 


Perosis (Titus, ’32) is an anatomical deformity of the leg 
bones of young chickens, turkeys, pheasants, grouse and quail. 
It is recognized as a disorder entirely distinct from rickets 
inasmuch as calcification is normal. This deformity was 
first described by Hunter and Funk (’30) and by Payne (’30). 
The symptoms generally found are gross enlargement of the 
tibial-metatarsal joint, twisting or bending of the distal end 
of the tibia and of the proximal end of the metatarsus, and 
slipping of the gastrocnemius tendon from its condyles. The 
latter symptom causes complete crippling in the affected leg 
and, if both legs are so affected, is closely followed usually 
by death. The literature dealing with perosis has shown that 
excess calcium and phosphorus in the diet tend to cause it and 
that certain feedstuffs, notably those derived mainly from 
the pericarp of rice, oats and wheat, possess a preventive 
action. Little is actually known, however, of the actual cause 
or nature of this deformity. 

In a previous paper (Wilgus, Norris and Heuser, ’37), the 
relative effectiveness of different sources of calcium and phos- 
phorus in aggravating the incidence of perosis was studied. 
Chemically pure calcium carbonate, calcium hydroxide and 
calcium chloride as well as mono-, di- and tri-calcium phos- 
phate and mono-sodium phosphate were found to be equally 

*Now with the Department of Poultry Husbandry, Colorado State College, 
Fort Collins, Colorado. 
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causative. On the other hand, a technical grade of mono- 
calcium phosphate was markedly preventive in effect. It was 
evident that impurities in this phosphate possessed a marked 
ability to prevent perosis. The purpose of this paper is to 
report the identification of these impurities and a study of 
their function in bone formation in the chick. 


EXPERIMENTAL PROCEDURE 


The experimental procedure was the same as that previ- 
ously used (Wilgus et al., ’37). Day-old cross-bred cockerel 
chicks (Rhode Island Red x Barred Plymouth Rock) were 
confined on wire floors in electrically-heated battery brooders 
for a period of 6 weeks. Individual weighings and notations 
of deformities were made at weekly intervals. The notations 
were given a numerical rating so that the severity of any lot 
could be expressed as the percentage of the maximum severity 
possible. In the previous paper, it was shown that practically 
all the individuals in a lot were afflicted when the average 
severity for that group was between 25 and 30% and that 
the highest severity noted for any group was 55%. 

The chicks had constant access to a basal diet of the follow- 
ing composition: 





Ground yellow corn 63.50 
Dehydrated alfalfa 5.00 
Dried skim milk 20.00 
Menhaden fish meal 10.00 
Salt (iodized) 0.50 
Reenforced cod liver oil 0.25 
Refined cottonseed oil 0.75 

Total 100.00 


This diet contained on the average 20% of protein, 0.95% 
of calcium and 0.80% of phosphorus. The cod liver oil con- 
tained 270 U.S.P. units of vitamin D per gram. The same 
ingredients were used in all the experiments reported here 
with one exception as noted later. Mineral supplementation 
was made by direct addition. 
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RESULTS AND DISCUSSION 


In order to concentrate or isolate if possible the impurity 
in the technical mono-calcium phosphate previously found to 
have a preventive effect on the development of perosis, the 
phosphate was brought partially into solution in cold distilled 
water, treated with an excess of ammonium hydroxide, and 
kept at the boiling point for several hours. The precipitated 
material, essentially tri-calcium phosphate, was removed, 
washed and ignited to remove the adsorbed ammonia. The 
filtrate and washing, containing ammonium phosphate, were 
combined and condensed. These two fractions were added to 
the basal diet and compared in effectiveness with the original 
material. One lot of chicks received the basal diet only, a 
second lot received the basal diet plus the technical mono- 
calcium phosphate, a third lot received the basal diet plus 
the tri-calcium phosphate fraction and a fourth lot received 
the basal diet plus the ammonium phosphate fraction. 

The technical mono-calcium phosphate did not prove to be 
quite as effective in overcoming perosis as it had been origi- 
nally nor was the lot on the basal diet as severely affected 
as usual. In spite of this the results showed that the pre- 
ventive factor was concentrated in the tri-calcium phosphate 
fraction as there was a marked reduction in the incidence 
and severity of perosis in the lot of chicks which received this 
fraction. The ammonium phosphate fraction, on the other 
hand, showed no observable effect on the incidence of perosis. 

This procedure was repeated in a second experiment using 
the same basal diet as that fed in the first experiment except 
for the substitution of white fish meal for menhaden fish meal. 
The basal diet caused more perosis in this experiment. The 
results obtained were even more striking than those of the 
first experiment and completely confirmed the previous con- 
clusions. 

In a further attempt to obtain clues as to the nature of 
the factor which prevents perosis an experiment, based on the 
work of Graham, Pettit, Sykes and Howell (’34) who reported 
that the perosis-preventive fraction of wheat germ is easily 
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extracted with cold water after adjustment to the pH of 3.0, 
was conducted. This extraction procedure was therefore ap- 
plied to wheat germ which had been extracted first with ether 
and hot alcohol. The extract from 10% of wheat germ was 
compared in effectiveness with an equivalent amount of the 
original germ. In order to determine whether the effect was 
due to an inorganic constituent, the char from wheat germ 
was also fed on an equivalent basis. In this experiment, 
2.87% of steamed bone meal was added to the basal diet in 
order to make it more severely perosis-producing. 

The results showed that, while the wheat germ reduced the 
severity of perosis, the extract was much more effective, thus 
substantiating the findings of Graham et al. (’34) that wheat 
germ extract prevented perosis. The char was as effective 
in this respect as the extract, thereby indicating the inorganic 
nature of the preventive factor. 

Spectrographic analysis of the technical mono-calcium phos- 
phate showed that a small amount of manganese and a trace 
of iron were the principal impurities present in the technical 
mono-calcium phosphate. These were found to be concen- 
trated by ammonia precipitation in the tri-calcium phosphate 
fraction. The ammonium phosphate fraction showed only 
traces of calcium, sodium and possibly aluminum. 

The routine qualitative analyses of the technical mono- 
calcium phosphate and of the tri-calcium phosphate from it 
indicated the presence of aluminum as well as of manganese 
and iron. It appeared possible, therefore, that one or all 
three of these elements might be responsible for the pre- 
ventive properties found in this material. 

The wheat germ, wheat germ extract and the wheat germ 
char were also examined spectrographically and found to con- 
tain considerable manganese as well as magnesium, zinc, 
sodium, potassium, calcium and phosphorus. Again, the oc- 
currence of manganese appeared to be highly suggestive of its 
possible importance. 

Further evidence of the importance of manganese was found 
in the fact that the spectrographic examination of the ash 
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of the hocks of normal and afflicted birds showed the presence 
of this element in the normal bones and its absence in the 
deformed ones. 

On the basis of such strong circumstantial evidence, the 
possible effect of the direct addition of manganese to the 
basal diet was determined in experiment 1. Since iron and 
aluminum were also present in the technical mono-calcium 
phosphate, salts of these elements were likewise studied. A 
zinc salt was included due to the presence of this trace ele- 
ment in the wheat germ fractions. No additions of calcium 
or of phosphorus were made, since the basal diet produced an 
intermediate rather than an extreme amount of perosis and 
hence could be used to determine whether the above salts were 
preventive or causative. 

Since quantitative analyses of the impurities in the origi- 
nal mono-calecium phosphate had not yet been completed, 
0.015% of each of these elements was added to the basal diet. 
The salts used were c.p. manganese chloride (MnCl,°-4H,0), 
ferric citrate (FeC,H,0,:3H.0O), aluminum chloride (Al Cl,- 
6H.O) and zine acetate [Zn(C,H,0.).-3H,O]. The essential 
data are given in the first part of table 1. Each lot contained 
fifteen cross-bred cockerel chicks. 

As explained previously, the quantity of perosis on the 
basal diet used in this experiment was considerably above 
that of the previous experiments, possibly due to the change 
in fish meals. However, the original mono-calcium phosphate 
prevented most of the perosis. The manganese salt was not 
only equally as effective as the impure phosphate but also 
stimulated growth. The aluminum, iron and zine salts all 
had a slight preventive action and a beneficial effect on 
growth. 

The results were so promising that these salts were fed 
again at the same level to lots 3, 4, 5 and 6 in experiment 2. 
Each lot contained sixteen cross-bred cockerel chicks. The 
only change in ingredients in the basal diet consisted in revert- 
ing to the use of menhaden fish meal in place of white fish 
meal. 
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The results are given in the second part of table 1. They 
show that manganese chloride was effective in preventing 
nearly all the symptoms of perosis and that the aluminum 
chloride and zine acetate salts were moderately preventive. 
The ferric citrate, however, actually increased the severity 


TABLE 1 
The effect of manganese, aluminum, iron and zino salts 





AVERAGE PEROSIS 
| WEIGHT | 

| = 
6 WEEKS! Cases | Severity 





! 
| 
| 
LOT AMOUNT OF SUPPLEMENT | Ca. P 
| 





Experiment 1 


























%o % | gm. %o % 
1 |None (basal diet) | 1.08 | 0.83 | 467 | 93 35 
2 |1.6% tech. CaH,(PO,),*H,O 1.31 | 1.23 | 479 36 7 
3 {0.015% Mn 1.08 | 0.83 | 533 29 7 
4 |0.015% Al 1.08 | 0.83 | 527 43 25 
5 |0.015% Fe 1.08 | 0.83 | 497 77 17 
6 |0.015% Zn 1.08 | 0.83 | 492 72 17 
Experiment 2 
1 |None (basal diet) | 097 | 078 | 487 | 87 | 21 
2 |1.6% tech. CaH,(PO,),*H,O 1.21 | 1.18 | 455 40 7 
3 (0.015% Mn | 0.97 | 0.78 | 501 27 6 
4 |0.015% Al 0.97 | 0.78 | 511 40 16 
5 |0.015% Fe | 0.97 | 0.78 | 421 | 94 40 
6 |0.015% Zn | 0.97 | 0.78 | 469 | 27 | 11 
7 |1.69% e.p. CaH,(PO,),°H,0 | 121 | 117 | 442 | 94 32 
8 |1.69% e.p. CaH,(PO,),:H,0 + | | 
0.0025% Mn | 121 | 117 | 440 | 2 6 
9 |1.69% e.p. CaH,(PO,),*H,0 + | 
0.0025% Mn + 0.0025% Al +| | 
0.0025% Fe | 121 | 1.17 | 509 27 6 
10 |0.0025% Mn | 0.97 | 0.78 | 503 | 19 | 2 
11 |0.0025% Mn + 0.0025% Al+ | 
| 0.0025% Fe | 0.97 | 0.78 | 550 a 








of perosis in this experiment. This salt was from the same lot 
as that originally used. The only known change in procedure, 
other than the change in fish meal, was that the salts were 
much more intimately mixed in the diet by grinding the whole 
mixture very finely. Possibly the iron salt interfered with 
the normal assimilation or utilization of the effective element 
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by some reaction before the feed was consumed. Such inter- 
ference has been suggested in plant nutrition between 
manganese and iron (Young, ’35). 

In the meantime, quantitative determinations of the amount 
of manganese in the technical mono-calcium phosphate and in 
the tri-calcium phosphate precipitated from it had been made 
by the method of Willard and Greathouse (’17). The former 
was found to contain 0.170% of manganese and the latter 
0.367%. This confirmed the spectrographic analyses showing 
that the manganese was concentrated in the latter. 

With this information, it was possible in a second part 
of experiment 3 to add the same amount of manganese to 
the basal diet as was added by the original phosphate, using 
¢c.p. mono-calcium phosphate to adjust the calcium and phos- 
phorus levels. The quantity of manganese added was 
0.0025%. This amount was fed alone (lot 8) and in conjunc- 
tion with a similar amount of iron and aluminum to simulate 
more closely the original material (lot 9). To determine the 
effectiveness of these supplementations as compared to the 
much larger amounts fed in the first half of the experiment, 
a duplicate of each of these groups was conducted without the 
addition of ¢.p. mono-calecium phosphate equivalent to the 
original impure phosphate (lots 10 and 11). 

As shown by Wilgus, Norris and Heuser (’37) ¢.p. mono- 
calcium phosphate materially increased the severity of perosis. 
On the other hand, the addition of 0.0025% of manganese to 
it reduced the severity to the same low level as on the impure 
technical mono-calcium phosphate (lot 2). The use of a 
similar amount of iron and aluminum with the manganese 
was of no additional value. When the calcium content of 
the diet was reduced from 1.21% to 0.97% and the phos- 
phorus from 1.17% to 0.78%, by eliminating the c.p. mono- 
calcium phosphate supplement, the manganese alone was 
nearly preventive, and the mixture of all three salts was 
entirely preventive. The smaller amount of manganese used 
in this part of experiment 2 was fully as effective as the 
larger amount used in the first part. 
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The data in experiment 2 substantiate the previous results 
showing the preventive action of manganese, aluminum and 
zine. The evidence on iron is conflicting. It therefore seems 
apparent that the preventive effect of the technical mono 
calcium phosphate was due mainly to the manganese and pos- 
sibly to the aluminum present as impurities. The effect of 
these elements on growth is not so clear in these two experi- 
ments, but there is an indication that they may be a limiting 
factor at times in the basal diet used. The evidence on zinc 
does not agree with the report of Titus (’32) but it is possible 
that the small amount fed by him (0.001%) was insufficient 
to be of appreciable value. 

In view of these results it seemed desirable to re-examine 
results of an experiment previously reported in a preliminary 
manner (Wilgus, Norris and Heuser, ’35), showing the rela- 
tive effectiveness of various feedstuffs in preventing perosis. 
The diets used in this experiment were analyzed for manga- 
nese, and the amount of this element in each diet was com- 
pared to the amount of perosis produced. These feedstuffs 
were representative of samples, obtained at the Buffalo 
market early in 1935. The essential data are presented in 
table 2. Each lot contained twenty-five Barred Rock chicks. 
The chemical analyses showed that there was a relation be- 
tween the preventive action of the various diets and their 
manganese content as in general the diets high in manganese 
caused the least perosis. 

Since manganese appears to play an important role in pre- 
venting perosis and possibly in stimulating growth under 
certain conditions, the amount of it in the individual feed- 
stuffs used in these and in previous experiments was deter- 
mined and is presented in table 3 together with the calcium 
and phosphorus analyses. They show that the feedstuffs re- 
ported here and elsewhere as possessing a marked preventive 
action are generally rich in manganese. This is strikingly 
so in the case of wheat germ and its extract. It is also worthy 
of note that the basal diets used in producing perosis in this 
investigation were very low in manganese, containing between 
0.0009 and 0.0012%. 

















TRACE ELEMENTS IN PREVENTION OF PEROSIS 163 


The presence of 0.0088% of manganese in the limestone 
used in previous work (Wilgus, Norris and Heuser, ’37) may 
explain the fact that the highest level of limestone seemed 
to ameliorate the perosis slightly. The presence of other 


TABLE 2 


The efficiency of common feedstuffs in preventing perosis in relation to the 
manganese content of the diet 





AVERAGE PEROSIS 
LOT | AMOUNT OF SUPPLEMENT! Ca P Mn —— 
6 WEEKS Cases | Severity 
Te % % gm. % | & 7 
1 None (basal diet)* | 1.80 1.20 | 0.0011; 378 | 100 | 31 
2 10% wheat germ | 1.80 1.28 | 0.0027 | 496 | 39 | 10 
3 10% wheat standard | 
middlings |} 1.81 1.25 | 0.0025 518 63 | 23 
4 20% wheat standard 
middlings 1.81 1.31 | 0.0038 480 10 | 2 
5 30% wheat standard 
middlings 1.82 1.36 | 0.0052 | 498 | a a 
6 | 26% red dog flour 1.80 | 1.26 | 0.0025 476 54 | 13 
7 20% wheat bran 1.81 1.39 | 0.0040 | 483 48 19 
8 20% ground oats 1.80 1.20 | 0.0017 | 445 78 | 24 
9 20% hard wheat 1.80 1.21 | 0.0019 | 464 78 33 
10 | 10% soybean oil meal | 1.81 | 1.23 | 0.0014 438 | 94 37 
11 None (basal diet) 1.18 0.79 | 0.0011; 464 | 80 | 25 
12 —20% corn meal + | 
20% starch 1.18 0.72 | 0.0009 | 414 95 | 28 
13 —5% dehydrated al- 
falfa + 5% starch 1.08 0.78 (0.0010 | 327 | 90 33 





The supplements were included in the basal diet in place of an equivalent 
quantity of corn meal, the protein content being kept constant by making 
suitable adjustments in the casein content and the remainder of the corn meal. 

*This basal diet was supplemented with sufficient steamed bone meal and 
pulverized limestone to increase the calcium content to 1.80 and the phosphorus 
content to 1.20%. 


elements, as detected spectrographically, may also have had 
some effect. Variation in impurities may also partially ex- 
plain the results of Sherwood (’32) showing that pulverized 
oyster shell was slightly preventive, those of Insko, Sowell 
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and Lyons (’34) showing that precipitated calcium carbonate 
possessed no preventive action, and those of Hunter, Dutcher 
and Knandel (’31) and of Payne, Hughes and Lienhardt 
(’32) showing that pure calcium carbonate increased the 
severity of perosis. 

The possible nutritional significance of the trace elements 
has been suggested at various times and has been supported 


TABLE 3 
The calcium, phosphorus and manganese content of the feedstuffs used 


FEEDSTUFF Ca |g Mn 
% —_ mat a 
Corn meal 0.054 0.352 0.0010 
Corn meal 0.040 0.356 0.0008 
Oats (10) 0.070 0.336 0.0037 
Wheat (10) 0.038 0.423 0.0048 
Wheat standard middlings (20) 0.115 0.911 0.0144 
Red dog flour (10) 0.071 0.647 0.0078 
Wheat bran (15) 0.123 1.350 0.0154 
Wheat germ (5) 0.076 1.150 0.0163 
Wheat germ 0.043 0.936 0.0182 
Wheat germ extract 0.048 0.142 0.0158 
Dehydrated alfalfa 2.099 0.226 0.0032 
Dehydrated alfalfa 1.992 0.229 0.0026 
Dried skim milk 1.202 1.025 0.0001 
Dried skim milk 1.267 1.017 0.0001 
Soybean oil meal (2) 0.218 0.662 0.0036 
Menhaden fish meal 5.640 3.695 0.0032 
White fish meal 7.031 | 3.872 0.0021 
Limestone 36.920 0.004 0.0088 


The numbers in parentheses denote the number of market samples used in 
obtaining a composite analysis. 


by some experimental data. The probable biological im- 
portance of manganese, zinc and aluminum, as well as of 
copper, was noted by Rose (’29) in a review of the literature, 
but this was based largely on the consistent occurrence of 
these minerals in animal tissues. Since that date, several 
specific functions of manganese have been reported. A suffi- 
cient supply of this element was found necessary to maintain 
the desire, or ability, of rats to suckle their young, to prevent 
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the production of inferior offspring and to prevent testicular 
degeneration on a low manganese diet (Orent and McCollum, 
31), to assure normal growth and ovulation of mice on a 
milk-iron-copper diet (Kemmerer, Elvehjem and Hart, ’31), 
and to avoid congenital debility in the young of rats on that 
diet (Daniels and Everson, ’35). Drea (’35) concluded from 
the spectrum analysis of hen eggs and of chick tissues that 
manganese might be inadequate in the diet and that it is 
probably of nutritional importance. A deficiency of zinc has 
been reported by Stirn, Elvehjem and Hart (’35) to result 
in poor growth, abnormal fur coat and hyperirritability of 
rats. 

The results of the present investigation furnish more 
specific evidence of the biological significance of manganese, 
zinc and aluminum. The data indicate that these ‘trace’ ele- 
ments may be a limiting factor in the diet for the normal 
growth of chicks. In addition, they show that these ‘trace’ 
elements are concerned with the anatomical structure of the 
tibiae and fibiae of chicks, thereby ascribing a hitherto unre- 
ported role to them. 


SUMMARY 


1. The presence in the diet of manganese and certain of 
the other ‘trace’ elements has been found essential for the 
prevention of the deformity of the tibiae and metatarsi of 
chicks, known as perosis. Indications were also obtained that 
these elements exercised a favorable influence on growth. 

2. The addition of 0.0025 to 0.015% of manganese to a diet 
containing 0.0010% of this element was sufficient to almost 
entirely prevent perosis. 

3. Zine and aluminum possessed a similar property but were 
somewhat less effective. 

4. A mixture of manganese, aluminum and iron was entirely 
preventive in the presence of limited amounts of calcium 
and phosphorus. 

5. The perosis-preventing property of certain cereal prod- 
ucts was related to their content of manganese. 
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ADDENDUM 


Since this paper was written, Sherwood and Fraps 
(Poultry Science, 1936, vol. 15, p. 424) have reported that the 
preventive factor of wheat gray shorts is present in the ash 
or inorganic fraction, thereby lending support to the above 
results, and controverting a report made at the same time 
by Heller and Penquite (loc. cit.) that the preventive factor 
of rice bran is seemingly not due to its mineral content. 
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INTRODUCTION 


Evans (’28) reported a study of the effect of vitamin E 
low diets on growth and vigor. He found that the failure in 
growth due to vitamin E deficiency characterized only the last 
phase of growth, ‘‘the phase intervening after the attainment 
of maturity, which is usually viewed as a plateau in the growth 
curve, though all animals show at this time a slow ascent.’’ 
A distinct plateauing in weight was noted by about the one 
hundredth day of life. Evans attributed the stimulus in 
growth supplied in wheat germ oil to its vitamin E content, 
as the growth factor was present in the sterol-free, non- 
saponifiable fraction as was the vitamin E. 

Blumberg (’35), in McCollum’s laboratory, observed an 
earlier failure in growth. He showed that in the experimental 
females, growth was slightly below normal for the first 5 
weeks on the diet, slow at the tenth week and very slow or 
checked by the fourteenth week. Wheat germ oil or its non- 
saponifiable fraction stimulated growth in these animals. 


* Aided by grants from the Board of Research and the College of Agriculture 
of the University of California, the Rockefeller Foundation of New York, and 
Merck and Company, Inc., of Rahway, New Jersey. 

The following materials were generously contributed: Cod liver oil by E. R. 
Squibb and Sons. Calciferol by Mead Johnson Company, through the courtesy 
of Dr. C. E. Bills. 
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Blumberg used a highly purified diet in which the vitamin E 
was removed by extraction while Evans employed a less pure 
diet in which vitamin E had been destroyed by the incorpora- 
tion of a slightly rancid lard in the diet. 

Olcott and Mattill (’36) failed to confirm Blumberg’s work, 
although they used a somewhat similar diet. Supplements 
of wheat germ oil sufficient to insure fertility had little, if any, 
effect on growth. 

Thousands of vitamin E low rats have been reared in this 
laboratory. These animals, although sterile as shown by the 
fact that resorption gestations occurred after positive mating, 
appeared otherwise normal in all respects. This led us to 
question the need of vitamin E for early growth. 


EXPERIMENTAL 
The following diets were used: 


Diet 392 
Casein, commercial, precipitated with HCl 32 
Cornstarch (cooked) 40 
Salts (McCollum 185) 4 
Lard 24 


This diet was allowed to stand at room temperature for 2 
weeks prior to feeding and was entirely fed during the next 
week. Supplements were fed six times weekly: brewer’s 
yeast, 1.0 gm., cod liver oil (Squibb’s), 2 drops. 


Diet 427 
Casein, commercial, precipitated with HCl 27 
Cornstarch (cooked) 35 
Salts (McCollum 185) 4 
Lard 22 
Cod liver oil (Squibb’s) 2 
Brewer’s yeast 10 


The ingredients (except cod liver oil) were allowed to stand 
at room temperature for 2 weeks and then fed within a week, 
as with the preceding diet. The cod liver oil was added to 
the diet on the day of feeding. 

Diet 786 


Casein, alcohol, ether extracted according to Blumberg 24 
Sucrose 72.1 
Salts (MeCollum 185) 3.9 
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Supplements were fed six times weekly: 


dioxide. 
Diet 789 
Casein, commercial, precipitated with HCl 
Cornstarch (cooked) 
Salts (McCollum 185) 
Wheat germ oil 
Cod liver oil (Squibb’s) 
Brewer’s yeast 


Diet 791 
Casein, commercial precipitated with HCl 
Cornstarch (cooked) 
Salts (McCollum 185) 
Lard 
Wheat germ oil 
Cod liver oil (Squibb’s) 
Brewer’s yeast 


Diet I 
Whole wheat 67.5 
Casein 15.0 
Whole milk powder 10.0 
; NaCl 1.0 
CaCO, 1.5 
Milk fat 5.0 
METHODS 











Brewer’s yeast extracted according to Blumberg 1.0 gm. 

Carotene (S.M.A.) fed in ethy] laurate 80 gamma 

Ethyl] linoleate (iodine no. 148-149) 60 mg. 

Caleiferol (in ethyl oleate) 12 international units 


The carotene, ethyl linoleate, and calciferol were kept cold, 
stabilized with hydroquinone, and saturated with carbon 


27 


This diet was handled in the same manner as was diet 427. 


Littermate sisters (thirty in each group) were placed on 
diets 786, 392 and 427 at weaning. The opening of the vaginal 
orifice was noted and daily (except Sunday) smears were 
made thereafter. Weighings were made at 5-day intervals. 
A representative number of rats from each group was bred. 
Resorption gestations resulted in all cases (table 1). 








172 G. A. EMERSON AND H. M. EVANS 


After the vitamin E low nature of all three diets had been 
established, the individuals of another group of ninety rats 
were segregated as in the previous experiment and the cycles 
and growth responses were observed. 

However, in this second experiment, growth responses were 
observed to 160 days on thirty rats on diet 392; twenty-eight 
rats on diet 427 (two died from respiratory infection); and 
seventeen rats on diet 786 (ten were given additions to the 


TABLE 1 


| 
| 


Maturity and reproductive history of rats on vitamin E low diets 














~ | | so | 1 
| <3 a | | @ | >» 
sie.| se. 22/2 .(ske isa] S| she | .8 
2 aa za J | 2 | gg | &= | &e 
2 & em 82550 2382 Hee 8) sa + eases Zz 
Be | £3 | £2 |gesk gE leeed| fe | $2) $38 Bs 
& | 24§ 2 o Zo Game wee a5 >| 25 | Ge gece 2 
3 Pa ho s° Zoo9 <9 Ik **| 4 | 2 | % <8 i 
7 | gm. | gm. | days | | | days a a = 
786 30 | 46 146 47 56 | 12 16 92 11.4 (limits 6-15) | 100 
392 30 | 45 | 156 | 49 | 52 | 21 | 90 | 122 (limits 7-15) | 100 
427| 30 | 45 175 40 47 | 28 25 91 12.3 (limits 7-14) | 100 
TABLE 2 
Vaginal smear observations of vitamin E low rats 
ee 
NUMBER | WEIGHT WEIGHT AVERAGE OPENING AVERAGE AGE NUMBER OF RATS 
eens OF RATS AT 21 DAYS/AT 60 Days | a pn sa wor’ eed 
ay ae | gm od|tlogm =~ dL: i (as;t(‘(‘Cé;t;~;~C*dr:C~*é SO ee 
736 30 48 | 131 | 44 57 15 
392 30 47 156 | 45 58 23 
427 30 47 173 40 47 19 


diet before day 160; three died from respiratory infections) 
(graph I). 
The growth responses of a part of each group were observed 
to 210 days (graph II): 
14 rats remained on diet 427 


14 rats remained on diet 392 
8 rats remained on diet 786 


The growth response on diet 427 was somewhat greater 
than on diets 392 and 786, although their plateaued weights 
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(from day 120) did not differ substantially. This difference 
may have been due to the fact that the rats did not consume 
their supplements quantitatively during the early growth 
period. The rats, even after 210 days of age, were in splendid 
condition, showing good muscle tone and sleek coats. The 
growth responses on all three diets differed materially from 
that observed by Blumberg, whose vitamin E low females 
reached a maximum average weight of about 160 gm. after 
140 days on the diet and declined slowly to about 120 gm. 
As can be seen from graphs I and II, the rats on all three 
vitamin E low diets reached plateaued weights of over 200 gm. 


GRADH I GRAPH II 
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There are at the present time five rats on diet 427 (which 
have never been bred) and which average 230 gm. weight at 
19 months of age. These animals are partially bald and have 
an unsteady gait, but have not declined appreciably in weight. 

When the rats were 165 days of age, a part of each group 
was given massive doses of wheat germ oil which had been 
previously standardized for vitamin E potency and found to 
be effective in a dose of 500 mg. These groups were as 
follows: 


Number of rats 
in group 


Diet 786 + supplements + 2 ec. W.G.O. six times weekly 7 
Diet 392 + supplements + 2 ec. W.G.O. six times weekly 14 
Diet 789 containing 22% W.G.O. fed fresh in porcelain container 13 
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The rats assigned to diet 789 had been maintained previ- 
ously on diet 427 and had therefore had no training in eating 
supplements, hence the wheat germ oil was incorporated in 
their diet. Diet 789 differs from 427 in that the lard was re- 
placed by wheat germ oil and kept fresh. 

The individuals of all groups responded to the addition of 
wheat germ oil to their diets. The gain was at least 17 gm. 
over the plateaued weight for each group (graphs III, IV 
and V). 


GRAPHS IL Wsy¥ 
THE EFFECT OF WHEAT GEDM OIL 
UPON LATE GROWTH 


— Ot! Tee- emt 
whtal tam Gn 6 TF 
~~ OT 786- 


— OM) 392 - GePLEMENTS -2cC 
wnrtal 6fOm 


GAIN IN GRAMS 


GRAPH VY 


— «1 72 
~--OET 427 CONTROLS 





AGE IN DAYS 
Average increase in 
weight over plateaued 
weight after 
40 days on diet 

gm. 
Diet 786 + supplements + W.G.O. 21 
Diet 392 + supplements + W.G.O. 25 
Diet 789 17 


A pilot experiment was carried out to confirm the presence 
of the ‘late growth’ factor in the non-saponifiable fraction 
of wheat germ oil. Two animals from the 786 group received 
supplements of 0.5 gm. wheat germ oil six times weekly from 
the age of 110 days. 

Three received, six times weekly, the ethyl esters of the 
wheat germ oil fatty acids equivalent to 0.5 gm. W.G.O. 

Three received, six times weekly, the wheat germ oil non- 
saponifiable fraction equivalent to 0.5 gm. W.G.O. 

Graphs are not given because of the small number of ani- 
mals employed. 
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TABLE 3 


Growth response of vitamin E low rats reared on diet 786 following the addition 
to the diet of wheat germ oil, the wheat germ oil non-saponifiable 
fraction, and the ethyl esters of wheat germ oil fatty acids 


(3) (3) 


, 
(2) BTHYL ESTERS | NON-SAPONIFIABLE 
0.5 GM. W.G.0. FATTY ACIDS FRACTION FOUND IN ) 
SIX TIMES | EQUIVALENT FOUND |") SO AG. six | NO FRACTION 
WEEKLY IN 0.5 GM. W.G.O. prec Spree nen 


SIX TIMES WEEKLY | 7 "MES WEEKLY | 


Gain from 
Days 110 to 150 20 17 10 10 
Days 150 to 190 26 9 51 0 
Total gain | 
Days 110 to 190 | 46 26 61 10 


Number of animals in group. 


Two rats were changed from diet 786 to diet 427 at 95 days. 


Gain from days 95 to 110 20 
Gain from days 110 to 150 11 
Gain from days 150 to 190 2 


Total 33 


The addition of fat to the diet either in the form of the 
ethyl esters of the wheat germ oil fatty acids or by changing 
to the high fat vitamin E low diet 427 seemed to stimulate 
growth slightly after the controls had ceased growing, but 
not to as great an extent as did wheat germ oil or its non- 
saponifiable fraction. As the number of rats on each supple- 
ment was small, the results can be considered only as sug- 
gestive. 

As a result of the observation that wheat germ oil stimu- 
lated growth after the vitamin E low rats had plateaued in 
weight, it seemed advisable to observe the effect of wheat 
germ oil on the early growth period. Sixty females were 
segregated into four groups of fifteen each, as nearly uniform 
as possible, and placed on the following diets at weaning 
(21 days). 

E low diet 427 

Stock diet I 


Diet 427 + 4 drops wheat germ oil fed directly into the mouth six times weekly 
Diet 791 
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It was hoped that the vitamin E in the wheat germ oil in 
diet 791 would be destroyed by the rancidity of the lard incor- 
porated in the diet. This, however, did not prove to be the 
ease as the natural antioxidants of the wheat germ oil ap- 
parently prevented this oxidation (as can be seen by the 
results of breeding tests). 

Four animals from each group were selected for breeding 
in such a manner that the average weights of the groups were 
not affected. The sixteen were bred between the one hundred 
thirty-fifth and the one hundred forty-first days of life. The 
results of the breeding were as follows: 


TABLE 4 
Reproductive performance of rats reared on a vitamin E low diet, a stock diet, 
and two wheat germ oil containing rations 
NUMBER SHOWING | NUMBER OF AVERAGE NUMBER | AVERAGE 





DIET ERYTHROOYTE | RESORP- LITTERS OF YOUNG WEIGHT 
SIGN TIONS } PER LITTER | IN GRAMS 

Diet 427 —_— oe aa 0 eae Tag » pay - 
Diet I 4 0 4 8.3 | 6.0 
Diet 427 + 4 

drops W.G.O. 

six times weekly 4 0 4 | 7.2 5.8 
Diet 791 4 0 4 5.5 5.9 


All animals bred on diet 427 resorbed. The litters of the 
rats receiving wheat germ oil were somewhat smaller than 
on diet I, but were of average weight. 

The rats in the several groups grew at about the same rate 
until 145 days, as can be seen from graph VI. The weights 
averaged between 243 and 250 gm. at this point. The animals 
on the vitamin E low diet had definitely reached their maxi- 
mum weight; declined slightly and remained at a plateaued 
weight of about 237 gm. for the remainder of the experimental 
period (to 200 days). The rats receiving wheat germ oil 
either in the diet or as a supplement were increasing slightly 
in weight, averaging from 5 to 10 gm. less than those receiving 
the stock diet I. 
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It can be seen from the foregoing experiments that the 
failure of growth in vitamin E deficiency is a phenomenon 
of growth after the fourth month of life and that earlier 
growth is normal; nevertheless it is apparent that in all long 
continued growth experiments a source of vitamin E should 
be included in the diet for it is apparent that lack of E will 
otherwise play a definite contributory role in growth 
delinquency. 
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ABE IN DAYS 
SUMMARY 


1. Three vitamin E low diets were tested for their efficacy 
in producing the sterility typical of vitamin E deficiency. 
The vitamin E in one of the rations was removed by extraction 
(diet 786) and in the other two by the presence of slightly 
rancid lard in the diet (diets 427 and 392). All three diets 
proved to be vitamin E free as evidenced by typical resorption 
gestations. 

2. Daily vaginal smears were made on the rats on these 
diets. The animals on the low fat diet 786 and the high fat 
diet 392 with supplements exhibited more irregularities in 
ovulation frequency than did their sisters on the high fat 
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diet 427 in which the yeast and cod liver oil were incorporated 
in the diet. 

3. The growth of female rats on the three vitamin E low 
diets was observed. The animals on diet 427 grew more 
rapidly at the onset, but after 120 days of age the plateaued 
weights of the three groups were about the saine. 

4. The individuals in all groups responded to the addition 
of wheat germ oil to their diets after a plateaued weight had 
been reached. 

5. The growth stimulating factor appeared to be in the non- 
saponifiable fraction of the oil, rather than in the fatty acid 
fraction of the oil. 

6. Female rats reared from weaning on a vitamin E low 
diet (427), stock diet I, and a wheat germ oil containing diet 
(791), and diet 427 supplemented with wheat germ oil, grew 
at the same rate until about 145 days, at which time the ani- 
mals on the vitamin E low diet ‘plateaued in weight while 
those on the stock diet and the wheat germ oil containing 
diets continued to grow. 

7. The rats reared on diet 427 were sterile; the rats on 
diet I, diet 791, and diet 427 + wheat germ oil were fertile. 

8. The defective growth in experiments involving vitamin 
E deficiency occurs only after the fourth month of life. Wheat 
germ oil stimulates growth after a plateaued weight has been 
reached on a vitamin E low diet. 
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As part of its investigation of energy metabolism in dif- 
ferent animal species at different ages, with the special object 
of illuminating human physiology, the Nutrition Laboratory 
has studied short-lived mammals such as the rat, which is 
considered to live about thirty times as fast as man. Rela- 
tively few laboratory rats are maintained throughout their 
entire lives, and previous measurements of the metabolism of 
rats of advanced age are practically confined to those recorded 
by Benedict and MacLeod (’29) and Horst, Mendel and 
Benedict (’34a).1 During the past 3 years we have been 
able to maintain a considerable number of rats under constant 
laboratory conditions until they die from natural causes. 
This has made possible a cooperative research by Columbia 
University and the Nutrition Laboratory on the metabolism 
of some of these rats during old age. 

The average age of the elderly rats studied by Benedict and 
MacLeod corresponds approximately to a human age of 60 
years. In the present investigation a number of measure- 
ments of basal energy metabolism were made upon rats whose 
ages corresponded to ages of 30 to 50 years in the human 

After our research was completed, Prof. J. E. Davis, of The University of 
Chicago, courteously gave us the opportunity of reading a manuscript written 
by him reporting his study of sleeping rats, with the privilege of referring 


thereto in our paper. 
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life cycle, but much the larger number were made on rats of 
more advanced ages, several having lived to ages correspond- 
ing to 80 to 90 years in human life. In view of the necessity 
for extreme condensation in this presentation of our data, we 
shall here deal chiefly with the observations at well advanced 
ages, 750 or 800 days and over, as compared with observations 
upon the same population at ages of 450 or 500 to 700 or 750 
days. In other words, we seek to note the changes, if any, 
in basal metabolism in old age as compared with the basal 
metabolism in middle age. 

Our second main problem is, to what extent does a known 
amount of enforced muscular exercise affect the basal metabo- 
lism of rats already middle-aged when exercise begins. In 
this study we were interested, not in the immediate after- 
effect of exercise, but in the effect, if any, upon the basal 
metabolism measured a sufficient time after the exercise to 
ensure the absence of any immediate after-effect. An inci- 
dental object of these experiments was to note the effect upon 
the length of life of thus beginning in middle age a rigorous 
program of exercise in individuals previously sedentary. 
Rubner (’08) laid down a general thesis that an individual 
of a given species metabolizes a relatively constant number 
of calories of energy in the course of a life cycle. From this 
standpoint increased energy metabolism induced by muscular 
exercise might tend to shorten life. Although the number 
of rats studied in this part of our investigation was too small 
to furnish a crucial test of Rubner’s thesis, it was thought 
that the data obtained might throw some light upon it and 
should in any case afford an indication as to whether strenu- 
ous muscular exercise begun and enforced relatively late in 
life results in a permanent increase of the basal metabolism 
unaffected by the immediate after-effects of work. 

One hundred and thirteen middle-aged or old rats, varying 
in individual cases from 352 to 789 days of age at the begin- 
ning of their respective series of observations, and from 423 
to 1113 days at the end, were included in this investigation. 
Of these rats, forty-two were males and seventy-one females, 
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including nine males and six females that were subjected to 
enforced exercise. 

All the rats were descendants of Osborne-Mendel albino 
stock and may be considered a homogeneous group for the 
purpose of the present investigation. 


Technic of metabolism measurements 


The metabolism was studied in a multiple four-chamber 
respiration apparatus, which provided for individual measure- 
ments on four rats simultaneously and kymograph records 
of the activity (Benedict, ’30). The animals were all sub- 
jected to a 24-hour fasting period. They were measured at 
28°C., and kept for 48 hours at 28°C. preceding each respira- 
tion experiment. At other times the animals lived in rooms 
that were almost constantly within the temperature range 
of 22° to 26°C. Except when in the respiration chamber 
they lived without bedding in wire mesh cages with liberal 
ventilation and diffused light, water always available, and 
food available at all times save during the fasting periods 
preceding the metabolism measurements. 

It was impossible to control activity. Careful observation 
and the kymograph records aided in selecting those periods 
of complete muscular repose. The animals were not usually 
asleep, and hence this factor, known to depress the metabo- 
lism of humans, did not as a rule enter. To favor repose, an 
electric light shone over the chamber, with the thought that 
this nocturnal animal might become quieter under brilliant 
illumination. Pieces of cardboard were placed between the 
glass chambers to prevent the rats from seeing and perhaps 
exciting each other. It was found that the rat often sought 
privacy by putting his head into a small hood provided in 
the chamber. 

Length of experimental period. The degree of repose which 
a waking animal can be expected to maintain is usually in- 
versely proportional to the length of the period of measure- 
ment. Hence our technic for measuring the basal metabolism 
aimed to set the period of measurement short enough for 
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minimal activity but not too short for experimental accuracy 
of measurement. Our measurements were based upon the 
length of time required by the rat to absorb a given amount 
of oxygen, approximately 180 cc. After a dozen or more 
measurements of such length were made throughout the day, 
the longest periods (ca. 35 to 40 minutes) on each day were 
selected as being indicative of minimal activity and hence 
in our judgment truly representative of the basal metabolism. 
In only rare instances was the basal metabolism value as thus 
selected on any day based upon only one experimental period. 
Usually it represented the average of at least the two longest 
periods and ordinarily more. 


NON-EXERCISED RATS 
Total heat production, referred to age, of equal-weight groups 


To study the effect of age upon basal metabolism, the age 
factor should theoretically be isolated as completely as pos- 
sible from other factors, especially weight. Inasmuch as a 
large mass of data was accumulated during this investigation, 
a number of metabolism measurements are available on rats 
weighing much the same but of widely different ages, from 
the middle to the end of the normal life cycle. Thus in figure 1 
has been plotted, with reference to age, the average 24-hour 
basal heat production of each of the non-exercised female rats 
that at the time of observation was within the weight range 
of 210 to 230 gm. This is approximately the normal average 
range in weight of the adult female rats in our particular 
colony, which have always been bred from individuals of only 
average size and, therefore, now have an average weight 
smaller than that of laboratory rats in many other colonies. 
In figure 1 the hollow circles represent the average values 
obtained upon those rats that reached an age of 800 days 
or over before the end of the series of observations included 
in these average values. The solid dots represent those rats 
that were observed only at ages below 800 days. 

The age of 800 days, here somewhat arbitrarily used as a 
dividing line between middle-aged and old rats, corresponds 
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(according to the generally accepted approximate ratio of 
30:1) to about 65 years of age in human life. All the rats 
in the middle-aged group included in figure 1 were over the 
age of 400 days, corresponding to about 33 years in human 
life, so that the younger of these two age groups is free 
from any cases of the intensification of metabolism attributa- 
ble to youth and physical growth. In the ordinary sense of 
the terms, physical development had been fully completed 
or the ‘prime’ fully attained before the beginning of any of 
the metabolism measurements here recorded. 
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Fig.1 Total 24-hour basal heat production referred to age, of non-exercised 
female rats of equal weight (210 to 230 gm.). The hollow circles represent the 
average values for those rats that reached an age of 800 days or over by the 
end of the series of observations on them, the solid dots those for rats observed 
only under 800 days old. This chart shows the slightly higher basal metabolism 
of the old age group as compared with the middle aged group of essentially the 
same body weight. 


This same type of analysis was applied to our data for 
females weighing from 190 to 209 gm., and for males weigh- 
ing 230 to 250 gm., the charts for which are here omitted for 
economy of space. 

These comparisons of basal metabolism in normal adult rats 
that differed widely in age but were of nearly equal weight 
show a slight increase in the basal metabolism of the rat in 
old age, at least under the conditions obtaining in the colony 
from which the rats here used (as well as those previously 
studied by Benedict and MacLeod) were drawn. This is 
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probably the nearest approach that has been made to the 
isolation of the age factor as such, particularly the separation 
of age-change from weight-change. Inasmuch as weight was 
here approximately the same (and surface computed from 
weight also necessarily the same) for the groups of different 
age, the somewhat higher average basal metabolism measured 
in the old age group is equally distinct as an experimental 
finding whether stated on a per capita, a per kilogram or a 
per square meter basis. 
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Fig.2 Body weight referred to age, of non-exercised female rats. The hollow 
circles and the solid dots have the same significance as in figure 1. The data 
are not limited to rata in the weight group of 210 to 230 gm. but include all 
the comparable non-exercised female rats studied. 


Trend of changes in body weight, body temperature and basal 
metabolism with advancing age 

The values for the average body weights and the average 
total heat production of our non-exercised females have been 
plotted with reference to advancing age in figures 2 and 3, 
respectively. The data for males are fewer and are omitted 
for economy of space. 

Body weight. Our males showed a distinctly downward 
trend in weight with advancing age, the average for this 
population being as follows: between 350 and 550 days, 321 + 
8 gm.; between 550 and 750 days, 289 + 5 gm.; 800 days and 
over, 267+ 8 gm. The weights of the females showed no 
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uniform dominant trend. Thus one series of population 
measurements gave between 400 and 600 days an average 
weight of 208 + 3 gm.; between 600 and 800 days, 207 + 3 gm.; 
800 days and over, 206 + 2 gm. On the other hand, in a series 
in which the same individual females were observed in middle 
life and after 800 days of age, the average weight was found 
to decrease about 10%, i.e., from 224 to 202 gm. 
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Fig.3 Total 24-hour basal heat production referred to age, of non-exercised 
female rats. The hollow circles and the solid dots have the same significance 
as in figure 1. The data are not limited to rats in the weight group of 210 to 
230 gm. but include all the comparable non-exercised female rats studied. 


As the females of this rat colony live about 5 or 6% longer 
than the males of the same hereditary and nutritional history, 
we have here allowed 30 to 50 days more of chronological age 
to females than males in setting the zones of physiological age 
for comparison, i.e., if we divide the males at 750 days we 
divide the females at 780 or at 800 days of age. 

Body temperature. The rectal temperatures, taken just 
before or just after the measurements of basal metabolism 
but excluding those when the rats were in a moribund condi- 
tion, showed a tendency to decline in old age. This was 
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usually apparent only after the age of 800 days. Among these 
oldest rats, however, the decrease of temperature may ulti- 
mately amount to as much as 2° to 3°C. 


Total heat production referred to age, irrespective of changes 
in body weight 

For both sexes, an outstanding feature of our measure- 
ments as a whole is the close approach to constancy of average 
per capita heat production throughout the latter part of the 
natural life cycle (fig. 3). The average total basal metabolism 
computed to 24 hours was close to 26 calories for the males 
averaging 250 to 270 gm., and close to 22 calories for the 
females averaging 210 to 230 gm. The data afforded by this 
study are fundamentally concordant with the findings of one 
of us (Benedict, ’35; Benedict and Meyer, ’32), that the total 
24-hour heat production of women 78 years of age and over, 
and presumably of elderly women in general, appears to be 
close to 1000 calories, irrespective of weight or age. 

As our data are more numerous and conclusive with respect 
to females than to males in both parts of this investigation, 
the limited space here available is given chiefly to the observa- 
tions upon the females, and even these can be reported only 
in condensed form. To this end, the original measurements 
were first reduced to a single monthly average basal metabo- 
lism datum for each rat. These data for those rats that were 
observed over sufficiently long and sufficiently advanced age 
ranges were then averaged in three groups for the age ranges 
420 to 599, 600 to 779, and 780 days and over, respectively. 
The average total calories per 24 hours for these three age 
groups, with the numbers of monthly average data in each, 
were as shown in table 1. Here the downward trend in basal 
heat production per capita is clearly established, is measured 
in large enough numbers of comparable cases to justify ex- 
pression of precision (as P.E., the classical probable error), 
and is shown to be both statistically significant and very 


small. 
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Basal heat production per 24 hours per square meter of 
body surface 


In view of the tendency to a downward trend of body weight 
in old age, it may be deemed necessary for purposes of com- 
parison to express these data also with reference to size. 
For such comparative purposes the conventional computation 
to the basis of surface area will probably best serve the con- 
venience of the reader. The surface area was computed from 
the weight by means of the formula 


S=9.1 x w2/3 


From our data it appears that for these populations be- 
lieved to be rather strictly comparable there is an exceedingly 


TABLE 1 


Average total 24-hour basal metabolism of non-exercised female rats 











AGE RANGE NUMBER OF CASES CALORIES (MEAN WITH P.B.") 
. nde ae es Bete ap tC eee 
Group I, 420 to 599 days 68 22.09 + 0.15 
Group II, 600 to 779 days 83 21.64 + 0.17 
Group III, 780 days and over | 74 20.85 + 0.18 





*This is the classical probable error of the mean. 


slight upward trend with age in the heat production as thus 
computed from measurements made on the waking rat under 
as nearly basal conditions as were found experimentally ob- 
tainable. This confirms the finding of Benedict and MacLeod, 
but in our judgment it is truer to the scientific significance 
of our measurements to emphasize their relative constancy 
than to emphasize the very slightly upward trend of the 
results when thus referred to size. That the upward trend 
is real and that these observations, therefore, confirm those 
of Benedict and MacLeod is indicated further by the fact 
that when the total heat production of rats of markedly dif- 
ferent ages but of essentially the same weights are compared, 
somewhat higher figures are found for old age than for middle 
or upper-middle age. This latter comparison has the advant- 
age of dealing with a pure age difference uncomplicated by 
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significant differences in weight, but it has also the disad- 
vantage that, since there is a downward trend in body weight 
with age, the group of old rats having the same weight as the 
middle-aged group had had greater weights in their middle 
age and should, therefore, more properly be regarded as es- 
sentially larger individuals. Hence the upward trend of the 
basal metabolism per unit of weight or of surface area in 
old age must be regarded as being a slight one. This upward 
trend with rats and the downward trend with humans are so 
slight that the angle of divergence between them is probably 
too small to be of much, if any, scientific significance. The 
fact that a horizontal line falls within this angle tends to 
give the slight divergence an exceedingly exaggerated sound 
when one puts it in words and says that the trend in one case 
is upward and in the other case downward. It would be well, 
therefore, to avoid this form of statement. 


Comparison of same individuals studied in middle age and 
old age 


In most of those cases in which the same individuals were 
studied before and after 750 or 800 days of age, the body 
weight was lower at the older ages and likewise the total heat 
production. In a series of twenty females studied at both 
ages the average body weight before 800 days was 224 gm.; 
the per capita heat production, 23.6 calories; the heat pro- 
duction per kilogram, 104 calories; and per square meter, 
696 calories. These same twenty individuals when over 800 
days old showed an average weight of 202 gm., a per capita 
heat production of 21.7 calories, a heat production per kilo- 
gram of 107 calories, and per square meter of 693 calories. 

Thus when the same individuals are followed from middle 
age to old age the per capita heat production is found to de- 
crease. But the body weight decreases in somewhat greater 
proportion than the total or per capita heat production, so 
that when the total calories are divided by body weight or by 
surface area as computed from weight, the fact of the per 
capita decline of heat production is obscured. Although the 
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individual rat actually lowers its total heat production in its 
old age, this heat production is made to appear higher in old 
age if expressed per unit of weight. Furthermore if the total 
heat production is divided by the surface area as computed 
from the weight, this rate of heat production per square meter 
is unchanged in old age in this particular series of rats studied 
at both ages and shows a very slight increase in our series 
as a whole, as also in the experience of Benedict and MacLeod. 
Our general average finding of heat production per square 
meter in forty-four normal female rats (regardless of the 
oestrous cycle), which were repeatedly observed above the age 
of 400 days and before showing senile breakdown or a mori- 
bund condition, was 699 calories. The average of the sixteen 
males measured at 800 days and over was 710 calories. 
Another series of measurements upon females showed an 
average of 699 calories at ages under 800 days and 703 calories 
per square meter per 24 hours at ages over 800 days. Hence 
for comparison with other animal species ordinarily measured 
when awake we suggest that the heat production per square 
meter per 24 hours of the middle aged to elderly but not 
seriously senile rat, in as nearly a truly basal condition as 
is practically attainable with rats that are fully awake, be 
considered as approximating very closely 700 calories. 


EXERCISED RATS 


Nine male rats and six female rats, ranging in age from 393 
to 623 days at the beginning of these experiments and in body 
weight from 180 to 362 gm., were subjected to enforced exer- 
cise after a preliminary period in which their basal metabo- 
lism without enforced exercise was thoroughly established. 
For comparison with these exercised rats, seven male rats 
and ten female rats served as controls, being in all but one 
instance litter mates of the exercised rats. These controls 
received the same diets as their litter mate exercised rats, 
were kept at the same environmental temperature, and in 
every way possible led the same life except that their activity 
was spontaneous and not enforced and was doubtless very 
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slight as compared with that of their exercised brothers and 
sisters. All were of the same colony as those used in the old 
age study. 

The cages in which the rats were exercised have already 
been described (Reed et al., ’30). The rats were made to 
run for 2 minutes in these cages and then rested for 1 minute. 
On the first day of exercise the rats were in the cages for 
15 minutes. The period of exercise was increased approxi- 
mately 15 minutes daily, until finally the rats were in these 
revolving cages for a maximum period of 6 hours daily. As 
the cage revolved twenty-eight times per minute and the cir- 
cumference of the cage was 96.5 cm., the maximum distance 
each rat ran in 6 hours amounted to 6485 meters. This is at 
the rate of 1081 meters per hour. 

By making the sides of the cage smooth and (based upon 
the experience of the late Prof. M. S. Pembrey) by lining the 
interior of the rim of the wheel with corrugated paper, it was 
made nearly impossible for the animal to hang on with the 
feet and be carried over or to slide, and hence the animal 
was compelled, for the most part, to run. 

When the rats were to be studied in the respiration chamber, 
they were put into the glass house at 28°C. as soon as their 
exercise on a given day ended (3 p.m.). Here they remained 
without enforced exercise for exactly 42 hours prior to the 
respiration experiment. For 24 hours before the respiration 
experiment they were without food. Except for these rest 
periods preceding and during the measurement of the basal 
metabolism, each exercised rat was forced to run in the re- 
volving cage daily except Sundays and legal holidays. The 
conditions of environmental temperature, the handling, and 
the feeding of these exercised rats and their controls were 
the same as for the non-exercised old age group of rats. In 
an earlier investigation with rats in the Yale colony (Horst, 
Mendel and Benedict, ’34b) the same type of exercise cage 
was employed, and it was found that the immediate after- 
effect of running 5486 meters in 64 hours had disappeared 
within 40 hours. Hence we concluded that the metabolism 
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measurements on our exercised rats made 42 hours after the 
enforced exercise ceased would not be complicated by the 
immediate after-effect of the exercise and, therefore, would 
serve to indicate whether enforced exercise permanently 
alters the basal metabolism of the rat in middle and old age. 


Observations 


Six of the nine male rats died in the second month of this 
enforced exercise; the seventh died at the end of the fourth 
month with a rapid premortal loss of about one-third of his 
body weight; the eighth died in the sixth month, with a loss 
of only 17 gm.; the last died in the seventh month of enforced 
exercise with a loss of about 77 gm. 

The females adjusted themselves to the enforced exercise 
very much better than did the males. Of the six exercised 
females, five died in the third, fourth, sixth, sixth and tenth 
months of enforced exercise, respectively, and one was still 
thriving (in spite of this very considerable amount of enforced 
exercise) at the end of 13 months, at which time it became 
necessary to discontinue the work with the revolving cages. 
The ages attained by the exercised females averaged fully 
2 months greater than the ages of their immediate controls 
or than the general experience of the Columbia laboratory 
with rats similarly fed. The exercise, therefore, appears to 
have prolonged the lives of the females, but the number is 
too small to be more than indicative. 

Basal metabolism of rats exercised in the latter part of 
the life cycle. As briefly indicated above, this part of our 
research is concerned not with the transitory, immediate after- 
effect of exercise, but with the question whether regularly 
enforced strenuous exercise in the latter half of life has any 
permanent effect upon the body’s basal rate of energy metabo- 
lism. A change in either direction is easily conceivable. One 
might reason that exercise would increase the tone of the 
muscles, so that the basal metabolism would be raised to a 
higher level, or that regularly recurrent periods of exercise 
would serve to purge the musculature of whatever it is that 
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causes an ill-defined restlessness in sedentary middle age, 
and that after such a purge or release the resting periods 
would show a more effective relaxation and thus a lowered 
basal metabolism. The latter possibility, although perhaps 
less obvious than the former, is probably in better accord 
with the most expert present-day view of the significance of 
exercise to the habitually sedentary individual, and of the 
significance of the ability to relax in rest periods. 

Our data show a distinct trend to lower basal metabolism in 
animals exercised as above described. This is more clearly 
seen and more certainly demonstrated in the females than in 
the males, probably because the males did not succeed in 
adapting themselves to the enforced exercise and usually died 
in the early stage of the experimental series. 

If exercise results in a more rapid lowering of body weight 
than that ordinarily accompanying old age in the non-exercised 
rat, this would in itself be expected to lower the per capita 
heat production but not the heat production per unit of weight 
or per unit of surface area as calculated from weight. In 
general, our exercised rats individually showed the gradual 
decrease of body weight usual in this colony with advancing 
age, and then, as a terminal symptom, a rapid premortal loss 
of weight which in some cases was and in other cases was 
not apparent upon a regular weighing day, in which latter 
case it was included in the group average. Hence the weight 
records of these exercised rats are of somewhat uneven value 
for use in the interpretation of the directly observed respira- 
tory data. But it remains a significant fact that even when 
the basal metabolism is referred to weight, or to the surface 
area as calculated from the weight, lower basal rates are 
found in the exercised than in the non-exercised elderly rats. 


GENERAL DISCUSSION OF FINDINGS 


That exercise (whether through some such purging or re- 
lease of chronic, useless, middle age tension as suggested 
above, or in whatever way) has the net effect of preventing 
the slight rise of basal metabolism which our rats tend to 
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show with advancing age and even results in a lowering of 
basal metabolism is a finding of considerable significance to 
the interpretation of our observations upon metabolism in 
old age and the integration of these with the observations of 
Benedict and Meyer (’32) upon elderly women. The dominant 
feature of the picture presented by our extension of the study 
of the basal metabolism of the rat into and typically through- 
out the latter half of the life cycle is the relative constancy 
of the basal metabolism found per individual of either sex. 
For the experimental population of this rat colony the aver- 
age basal metabolism per individual (per capita) closely ap- 
proximates 26 calories for males of 250 to 270 gm. and 22 
calories for females of 210 to 230 gm. For both sexes the 
average basal value approximates closely 100 calories per 
kilogram and 700 calories per square meter of body surface. 
These averages per kilogram and per square meter are closely 
similar to those found in such previous investigations as have 
been conducted under comparable conditions and may, there- 
fore, be regarded as confirming such previous findings and 
extending them to a more advanced range of age. 

Naturally, in view of the fact that a day in the life of a 
rat is equivalent to a month in the life of a man or a woman, 
the terminal illness, or period of physiological breakdown 
which precedes the rat’s death, is usually only of a very few 
days’ duration. Often, though not always, it is accompanied 
by or manifested in a moribund condition as described by 
Benedict and MacLeod (’29). In any case the basal metabo- 
lism measurements recorded in this paper have not included 
animals in this condition of physiological breakdown. Our 
measurements have, however, usually extended at intervals of 
about 10 days or 2 weeks until within a week or two of natural 
death, and of the animals which were brought for shorter 
or longer periods within the scope of this study, autopsies 
after natural death were obtained on the very great majority 
(96 out of 113), through the courtesy of Doctors Jobling, 
Wilens and Sproul of the Columbia University Department of 
Pathology. These autopsied rats showed a wide variety of 
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lesions and no predominating cause of death. The situation 
seems fairly analogous to that of people dying in old age. 

As already intimated, the aspect of our voluminous data 
which we believe to be of greatest scientific significance is the 
almost horizontal trend of the curve of the total 24-hour basal 
metabolism with advancing age. When submitted to closer 
analysis, the data show a slightly downward trend in the 
total 24-hour basal rate of heat production per individual. 
Simultaneously, there occurs a decrease in the body weight 
of most of these individuals, and in the average of any con- 
siderable group of them. On the average, the decline in body 
weight is slightly greater than the decline in per capita heat 
production. Hence, if the heat production be divided by the 
weight, the slightly downward trend of the original measure- 
ments is given a slightly upward trend on the basis of calories 
per kilogram, and also on the basis of calories per square 
meter when the body surface is computed from the body 
weight. This latter confirms the finding of Benedict and 
MacLeod. Although the upward trend of the data thus 
figured to the basis of surface area is so small that to dwell 
upon it is likely to give an exaggerated impression, yet 
inasmuch as this finding of Benedict and MacLeod was un- 
expected, we have been interested both to confirm it and to 
consider possible explanations. Of primary significance are 
the facts that there is not an actual upward trend in the total 
24-hour basal heat production of the majority of individuals 
as they grow older, and that there is a greater downward 
trend in body weight than in heat production. The decrease 
in body weight represents, in all probability, loss of fat or 
water, with lesser drafts upon protein. Although it is com- 
monly considered that water and fat are metabolically inert, 
other researches of the Nutrition Laboratory (Benedict and 
Lee, ’36) clearly show that fat is certainly an energy-demand- 
ing factor in the body complex. The normal loss of body 
material in old age, which may be considered adventitious 
water and fat, tends obviously to diminish the divisor by which 
the actual total heat production is divided when computed 
to the basis of weight or surface area. 
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As briefly noted above, our animals tended to show a slight 
decrease in body temperature with advancing age. One’s first 
thought in this connection obviously is that with the lower 
temperature, the rate of oxidation in the cells might be ex- 
pected to be lowered. But as our expressions of basal metabo- 
lism are in terms of heat output, we should not overlook the 
further consideration that if diminished body temperature 
means diminished efficiency of temperature regulation, this 
diminished ability of the body to conserve its heat would tend 
to a greater output of heat, for the body of the rat was about 
10°C. above that of the environment in which its metabolism 
was measured and about 13° to 15°C. above that of the en- 
vironment in which it lived between times. Hence, although 
the observations were made within the zone of thermic 
neutrality, there is nevertheless the possibility that the heat 
production of these rats may have been adventitiously in- 
creased to a slight extent by the diminution of their efficiency 
of physical regulation of body temperature, as indicated by 
the lower body temperatures found in many of the older ani- 
mals, and in the general average of them. 

That the environmental temperature at which these ani- 
mals were maintained and their basal metabolism measured 
was within the zone of thermic neutrality, and also that the 
season of year was not an appreciably disturbing influence 
in this investigation, have, we believe, been adequately estab- 
lished by our observations. 

A further factor in interpreting these results is the ques- 
tion of training. Our rats did not begin their experience in 
the respiration chamber until after having reached middle 
age. The well-known lessened adaptability of animals in 
middle and old age may have made it impossible for these 
rats to adjust themselves so completely to the new experience 
as to lose all tenseness and assume the degree of placidity 
that might have obtained had they been accustomed to the 
experimental regime earlier in life and at more frequent 
intervals. Hence it is of distinct interest to observe that the 
exercised females, having successfully adjusted themselves 
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(as the males did not) to a considerable amount of regularly 
enforced activity, were apparently thereby enabled to relax 
more completely during their rest periods in the respiration 
chamber. 


SUMMARY 


Previous investigations of the basal metabolism of the rat 
have here been extended by observations upon about 100 
over 1 year of age. In most cases periodic measurements of 
the waking basal metabolism at thermic neutrality (28°C.) 
and after 24 hours of fasting were begun in the period of 
middle age and continued throughout the latter half of the 
normal life cycle. Measurements in the moribund state or 
immediately premortal physiologic breakdown are not in- 
cluded in the data discussed in this paper, but the normal 
old-age measurements usually continued until within 2 weeks 
of the natural death of the animal, and necropsies showed 
no predominance of any one type of lesion or cause of death. 
Presumably these rats lived out their natural life cycle. 

Groups of rats of widely different ages and essentially equal 
average weight showed a somewhat higher total basal metabo- 
lism per 24 hours in old age than in middle age. The trend 
is clearest in the comparison of the groups that were most 
numerous and in which the comparison is probably most valid 
and conclusive. This is probably the closest approach to the 
isolation of a pure age factor that has yet been accomplished 
under satisfactory experimental control. 

With our rat population as a whole, of rather widely differ- 
ing weights as well as ages, studied throughout the latter 
half of the life cycle, we have found a tendency similar to 
that noted by Benedict and Meyer with elderly women, namely, 
to a relatively constant basal metabolism for the elderly indi- 
vidual. For these rats this average waking basal heat output 
per individual per 24 hours is: for males of about 250 to 270 
gm., about 26 calories; for females of about 210 to 230 gm., 
about 22 calories. 
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Expressed with reference to size, the average becomes, for 
both sexes, about 100 calories per kilogram, or about 700 
calories per square meter, for the basal waking metabolism 
per 24 hours. These averages may be regarded as sufficiently 
established for purposes of comparison with other animal 
species. 

Although the relative constancy in total 24hour basal 
metabolism is a significant feature of our data, a closer 
scrutiny reveals that the actual basal heat output per indi- 
vidual decreased slightly with advancing age and that at the 
same time there was (in the majority of individuals and in 
the general average) a relatively larger, though also small, 
decrease in body weight. Hence with rats in advancing age 
we find a slight decrease of per capita basal metabolism and 
at the same time a slight increase per unit of weight or per 
unit of surface area (computed from weight). The latter 
finding confirms that of Benedict and MacLeod. 

The present data show also a tendency to decrease of body 
temperature in old age. This is usually apparent only after 
800 days of age, but in very advanced age may amount to 
about 2°C. 

When middle-aged rats, not previously exercised, were 
given vigorous enforced exercise daily (except Sundays and 
the days devoted to the basal metabolism measurement with 
its preliminary fasting and resting at regulated environmental 
temperature), the males failed to adjust themselves to such 
strenuous exercise begun so late in life, lost weight rapidly, 
and died. The females, on the contrary, were evidently 
benefited by the exercise, and its permanent effect was shown 
in a distinct tendency to a lower basal metabolism. 

As a possible explanation of the fact that the basal metabo- 
lism, as computed per unit of weight or surface area, shows 
a slightly upward trend with age in the non-exercised but 
not in the exercised rats, we suggest that the organism is 
freed by muscular exercise from something in the nature of 
a middle age restlessness or chronic useless tenseness and so 
is enabled to relax better in rest periods. The exercised 
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aging rat thus becomes comparable to the wholesome, co- 
operative, able-to-relax person who constitutes a satisfactory 
subject and from whom, therefore, the accepted data for basal 
metabolism of elderly people are chiefly obtained. The non- 
exercised rat corresponds to a less-able-to-relax person, whose 
lowest attainable waking metabolism is a little above the 
truer basal of the more placid subject. The fact that the 
aging rats studied by Benedict and MacLeod and by ourselves 
were (with the exceptions here separately recorded) unex- 


ercised, 


tions of a diminished efficiency of temperature regulation 
(not supplemented by clothing, bedding, or warmer rooms as 
with elderly people) may together explain what would super- 
ficially appear to be a slight species difference in the trend 
of the energy metabolism with advancing age. 
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and the further fact that they showed some indica- 
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INTRODUCTION 


The relation of vitamin B(B,) to tissue oxidation, including 
the gaseous metabolism of rats in various states of nutrition, 
was investigated, and the literature to 1926 was critically 
discussed, by Drummond and Marrian (’26). They concluded 
that the nutritive failure of rats following a deficiency of 
vitamin B is virtually identical with that resulting from 
starvation. Also Lawrow and Matzko (’26) arrived at es- 
sentially the same conclusion, from the O, consumption of two 
hens, measured in the initial stage of B avitaminosis. 

In a recent report of the effects of vitamin B deficiency on 
the utilization of food energy and nitrogen by McClure, Voris 
and Forbes (’34) there was observed a distinctly lower body 
temperature in the deficient rats, and also a consistently 
higher carbon to nitrogen ratio in the urine, attributable to 
the deficiency of vitamin B, and not to prolonged inanition. 
This difference, however, was not accompanied by a lower 
heat production in the deficient rats, determined as the balance 
of food energy not recovered in the urine, feces and body 
gain. 

In order to determine whether extra activity of the deficient 
rats made their heat production inconsistent with their lower 
body temperature and higher urinary carbon, this experiment 

* Authorized for publication on July 23, 1935, as paper no. 696 in the journal 
series of the Pennsylvania Agricultural Experiment Station. 
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was repeated, with periodic determinations of the heat pro- 
duction of rats on vitamin B deficient and supplemented diets 
under conditions of control such as virtually excluded 
voluntary muscular activity. 

The essential features of the initial experiment were re- 
peated, the rats being fed by the paired method, and the 
utilization of food energy and nitrogen determined from 
analyses of urine, feces and body gain. 

To supplement the previous work, and to follow the pro- 
gressive change in the utilization of energy and nitrogen dur- 
ing prolonged B deficiency, periodic analyses were made of 
the urine and feces. 


EXPERIMENTAL 


Six young male albino rats, 24 to 26 days of age, and weigh- 
ing from 50 to 60 gm. each, were selected by pairs from the 
same litter and of approximately equal weight. 

The rats were kept in metabolism cages similar to those 
described by Swift, Kahlenberg, Voris and Forbes (’34). In- 
stead of a crystallizing dish to collect the urine, however, each 
cage was fitted into an 8-inch glass funnel leading to an Erlen- 
meyer flask. A thin piece of glass wool in the funnel pre- 
vented contamination of the urine. Sulphuric acid was used 
to protect the urine from loss of nitrogen. The feces were 
collected on a stainless steel screen fitting into the top of the 
funnel. 

One rat of each pair received a B-deficient and the other a 
B-supplemented diet. These two diets were made up from 
three components—a) a vitamin B free basal diet of dextrin 
64%, casein 18%, Crisco 10%, Osborne and Mendel salt mix- 
ture 4%, cellu flour 2%, and cod liver oil 2%; component b) 
vitamin B concentrate, prepared and donated by Parke, Davis 
& Co., diluted with autoclaved yeast in such measure that 
1 gm. contained 10 Sherman units (10 mg.) of the concentrate; 
and component c) autoclaved yeast, prepared by mixing dried 
brewer’s yeast to a thick paste with saturated sodium carbon- 
ate solution, and heating for 6 hours in steam, at 120°C. and 
18 pounds pressure. 
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In the preparation of the two dietary treatments the com- 
ponents a, b and c, were combined to form three rations, which 
were employed in shifting proportions, as will be explained, 
to make the B-deficient and the B-supplemented treatments. 

The three rations were compounded from a, b and ¢ as 
follows: ration I, 90% a, and 10% c; ration II 90% a, 8% c, 
and 2% b, containing 1 mg (1 unit) of B concentrate in each 
5 gm.; and ration III, 90% a, 8% b, and 2% c, containing 4 mg. 
(units) of B concentrate in each 5 gm. 

These three rations each contained 3.01% nitrogen, 5.80% 
moisture, and 4628 calories per gram. The components b and 
c contained 6.08% nitrogen, 6.93% moisture and 4102 calories 
per gram. 

These rations were essentially the same as fed in the previ- 
ous experiment except that the vitamin supplements were 
mixed with the ration, rather than fed separately. 

One rat of each pair, hereinafter referred to as the deficient 
rat, received rations I or II (mostly IL) which contained only 
enough of the vitamin B concentrate to prevent entire loss of 
appetite. The other rat of each pair, referred to hereafter 
as the supplemented rat, received ration III throughout the 
12 weeks of feeding. 

The food intake was kept the same for both rats of a pair, 
the rat consuming the least food determining the amount 
alloted to its pair mate. Among 175 refasals of feed, the 
deficient rats refused six times to one refusal by the supple- 
mented rats. 

Beginning with the eighth week for pairs numbered 1 and 2, 
and the seventh week for pair number 3, 0.5 gm. of component 
b was added to the daily ration of the supplemented rats, and 
0.5 gm. of component c was added to the daily ration of the 
deficient rats. This magnified the differential of the vitamin 
B concentrate, and assured adequate intake of the other 
factors of the vitamin B complex. 

The dates of the collection periods and respiration measure- 
ments are given in table 1. Each period was, in effect, a 
separate metabolism experiment, in which the urine collected 
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was analyzed for nitrogen and carbon, and the feces were 
collected and weighed. The accumulated feces were then 
analyzed for nitrogen and energy at the end of the 12 weeks, 
and the results applied to the weighed feces of the several 
periods. 

The energy of the urine was obtained from the carbon con- 
tent of the fresh urine by multiplying by the factor 11.47. This 
factor was obtained from the previous experiment, and is 
quite constant for both the supplemented and the deficient 
rats. 

A period began when an animal was put into the respira- 
tion chamber, and such quantities of excreta as were passed 


TABLE 1 
Schedule of experim.entation 


























| PAIR 1 PAIR 2 PAIR 3 
PERIOD | =——séS|sCRndded Ended | | | gndea| 
| Started | (respi- | Age Started | (respi- | Age Started | (respi- Age 
ration) | ration) | ration) 
en ae nwa 'S 5 | days you ‘ | days er days 
A |Dee.5 |Dec.12| 34 Dec.6 | Dee.13| 33 | Dee.13|Dee.21} 36 
Bs Dee. 12) Dee. 19} 41 | Dee. 13} Dec. 20 40 | 
C | Dee. 19} Jan. 9 62 | Dee.20|Jan.10} 61 | Dee.21/Jan.11| 57 
D j|Jan.9 |Jan.23; 76 | Jan. 10) Jan. 24 75 |Jan.11/Jan.25} 71 
E Jan. 23| Feb. 6 90 Jan. 24} Feb. 7 89 | Jan. 25| Feb. 8 85 
F | Feb.6 | Feb.20} 104 | Feb.7 | Feb.21} 103 Feb. 8 | Feb. 22} 99 
G Feb. 20} Feb. 26 | 111 Feb. 21| Feb. 27} 110 Feb. 22| Feb. 28} 106 














during the respiration measurement were added to those which 
followed. 

The respiration measurements were made in the apparatus 
described by Forbes, Kriss and Miller (’34) modified by regu- 
lation of the temperature of the chamber through that of 
surrounding air instead of surrounding water. Also, the 
activity of the rats was controlled by the use of suitably 
sized bottles as respiration chambers, instead of by confine- 
ment in a screen cylinder. Thus the activity of the rats was 
controlled without subjecting them to discomfort; and the 
usual inclination of the rats to restlessness was subdued by 
a bright light, with the result that the heat measurements, 
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after the first hour, were comparable. The heat production 
of both rats of a pair was measured at the same time under 
identical conditions. 

At the end of 12 weeks for pairs 1 and 2, and 11 weeks for 
pair 3, the rats were killed by asphyxiation; the bodies were 
dried in a vacuum desiccator, and the fat was extracted with 
ether. The energy contents of the ether extract and of the 
extraction residue were determined in a bomb calorimeter, and 
the extraction residue was also analyzed for nitrogen. 


RESULTS OF EXPERIMENT 


The results, as a whole, of the present experiment, confirm 
those reported previously, by McClure, Voris and Forbes 
(’34). 

Again there is an uncertainty as to whether vitamin B has 
a specific effect upon growth. Among thirty-two weekly com- 
parisons the weight of the deficient rats exceeded that of the 
supplemented rats thirteen times, while the supplemented rats 
exceeded the deficient rats nineteen times. The comparison 
of the actual weekly gains gives the advantage to the supple- 
mented rats, by 0.70 gm., but the probable error of this aver- 
age, which is + 0.21, renders doubtful the significance of the 
slight superiority of the growth of the supplemented rats. 

The results of the previous report are also qualitatively 
confirmed, in that the composition of the bodies, and of the 
body gains, shows that the supplemented rats utilized the 
food energy to better advantage than did the deficient rats. 
The food intake of the rats in the present experiment was 
much less than in the earlier experiment, and the analysis of 
the bodies of the rats showed that all had lost fat. The aver- 
age loss by the deficient rats was 2.03 gm., as compared with 
a loss of 1.36 gm. by the supplemented rats. The supple- 
mented rats stored, on an average, 16.7 calories in energy as 
body gain, while the deficient rats lost 0.7 calorie, which is 
accounted for by their greater loss of fat. 
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UTILIZATION OF FOOD ENERGY 


The digestibility of energy producing nutrients was practi- 
cally the same for the deficient and the supplemented rats, 
averaging 90.7% for the former, and 90.6% for the latter. 
This digestibility diminished from 95% in period A to 88% 
in period G, the change being continuous and similar for the 
deficient and the supplemented rats. 

The metabolizable energy averaged 84.9% of the energy 
intake for the deficient rats, and 85.4% for the supplemented 
rats, the difference being due to the consistently greater 
energy in the urine of the deficient rats. The same general 
fall occurred in the metabolizability of the food energy, 
throughout the experiment, as in digestibility. The metabo- 
lizable energy in period A averaged 90.4%, while in period G 
it averaged 81.0% 

The heat loss, measured as the energy of food not recovered 
in the urine, feces and body gain, was much the same for both 
the deficient and the supplemented rats. Of 1320 calories 
intake the deficient rats lost 1118 calories, or 84.6%, as body 
heat, while the supplemented rats lost 1114 calories, or 84.4%. 


UTILIZATION OF FOOD NITROGEN 


No difference between the deficient and the supplemented 
diets as to digestibility of the nitrogen compounds was ob- 
served. The average digestibility was 81%, which ranged 
from 89% in period A to 77% in period G, exhibiting a con- 
tinuous periodic decrease. 

From the digested nitrogen the deficient rats retained an 
average of 7.3% as body gain, whereas the supplemented rats 
retained 11.2%. 

The ratio of carbon to nitrogen in the urine of the deficient 
rats was without exception higher than that in the urine of the 
supplemented rats. This ratio averaged 1.08 for the deficient 
rats and 0.99 for the supplemented rats. 
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COMPARATIVE HEAT PRODUCTION 


The respiration measurements for the first five periods 
were made without interruption of the regular feeding habits 
of the rats. In these periods the daily feed was given 24 hours 
before the start of the respiration measurements, and the 
time at which each individual finished his feed, or ceased to 
eat, was not observed. In periods F and G the feed was 
removed 15 hours before the start of the respiration measure- 
ments. 

Some indication of the relative nutritive states of the de- 
ficient and supplemented rats at the time of the respiration 
measurements may be had from the respiratory quotients 
(table 2). In periods A, B and C the respiratory quotients 
of the supplemented rats denote a fasting condition and 
signify that these rats had consumed their allotment of feed 
more promptly than had the deficient rats. Respiratory 
quotients were higher in periods D and E. 

In periods F and G the respiratory quotients are essenti- 
ally those of fasting since the feed was withheld from both 
the deficient and the supplemented rats for 15 hours prior 
to the respiration measurements. 

The hourly heat production of the deficient rats and their 
supplemented pair mates for the various periods are given 
in table 2. The heat productions were calculated from the 
average hourly CO., determined over a period of 6 hours, 
and the total R.Q. 

The measurements of the heat production were corrected 
to represent 100 gm. body weight, in proportion to the two- 
thirds power of the body weight. 

Throughout the early periods, from the first to the eighth 
weeks, the metabolism of the deficient rats was consistently 
lower than that of their supplemented pair mates. In period 
A the average hourly heat production for the deficient rats 
was 6.2% lower than that of the supplemented rats; in period 
B it was 8.1% lower; in period C 6.4% lower, and in period D 
3.2% lower. There were no exceptions in this respect, and the 
differences definitely indicate an impaired metabolism in the 

















TABLE 2 
The effect of vitamin B deficiency on the hourly heat production 
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VITAMIN B DEFIOIBNT VITAMIN B SUPPLEMENTED 
AVERAGE 
DAILY © | g 
FOOD = 
PAIR BO. INTAKE | mez 3 ba aft i: 
wir | 2E8| 23 2 | pee |eieiede) = | 3 
|eeerlges o & 522° aes | ge) o | A) 
=sc2 ois | 2 ets 282 SSE | d .) a 
Te Pe z a in”) 6 5 
a Siena Period A 
< 7m gm. | eal. gm. a ie mg. cal, 
1 3.2 | 389 | 0.81 56 573 19 415 | 0.83 
2 3.4 | 393 | 0.77 | 57 571 20 407 0.73 
3 4.6 | 428 | 0.84 | 65 | 568 27 | 456 | 0.71 
Average | 571 
<= Period B 
1 3.1 367 | 0.79 | 61 509 18 | 395 | 0.75 
2 3.9 411 0.74 62 563 23 | 434 | 0.74 | 63 
Average 536 | 
Period C 
1 3.1 390 0.90 69 499 56 386 0.71 
2 3.4 334 | 0.76 60 469 60 | 382 | 0.71 | 
3 3.4 399 | 0.80 69 §11 62 | 411 | 0.73 
Average 493 
Period D 
1 2.7 | 366 | 0.80 68 471 32 382 0.88 
2 2.5 | 8 322 0.78 58 462 | 29 355 | 0.75 
3 3.1 386 | 0.76 | 66 | 509 | 37 | 425 | 0.80 
Average } 481 | 
Period E 
1 3.3 370 | 0.77 | 68 476 | 69 416 | 0.97 
2 3.2 352 | 0.83 | 65 467 68 409 | 0.96 
3 3.6 433 | 0.83 71 541 71 428 | 0.83 
Average 495 
Period F 
1 3.6 386 | 0.75 | 68 | 497 | 108 | 431 | 0.73 
2 2.9 | 361 | 0.73 59 511 99 | 378 | 0.75 
3 3.9 478 | 0.73 | 71 598 | 112 | 487 | 0.71 
Average 535 | 
Period G 
1 3.4 390 0.76 71 | 488 51 379 0.75 | 
2 3.0 352 0.75 | 60 495 49 379 0.75 
3 3.9 451 0.75 | 68 | 581 56 485 | 0.73 
Average | 521 
Over all at ore Wie : 
average 387 | 0.78 | 65 518 412 | 0.78 
Standard 
deviation + 38 | + 42 + 34 
Coefficient | | 
| 
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deficient rats which certainly was not the result of inanition— 
the quantity of feed consumed being the same for both groups, 
at all times. 

However, in periods E, F and G the hourly heat production 
of the deficient rats was equal to or greater than that of 
the supplemented rats in six of the nine comparisons, and 
no differences are evident from the averages. Also, the heat 
production, which had shown a continuous decline from 
periods A to D, increased in periods HE, F' and G, and this 
increase was more decided for the deficient rats than for the 
supplemented rats. 

This change was coincident with, and was probably the 
result of the addition of 0.5 gm. of component b (autoclaved 
yeast plus vitamin B concentrate) to the daily ration of the 
supplemented rats and 0.5 gm. of component c (autoclaved 
yeast unsupplemented) to the daily ration of the deficient 
rats. While this increased the difference in units of vitamin 
B concentrate between the deficient and the supplemented 
rats, the autoclaved yeast may have furnished sufficient vita- 
min B to bring the deficient rats on a par with the supple- 
mented rats in heat production. However, the deficiency 
symptoms of depressed appetite and elevated carbon to nitro- 
gen ratio in the urine of the deficient rats persisted through- 
out the experiment. 

The total heat production determined by the body balance 
method, including all the factors of feeding and cage activity 
was practically the same for the deficient and supplemented 
rats, averaging 1116 calories for the 12 weeks. The heat 
production for an equivalent period under conditions as im- 
posed in the respiration measurements was estimated to be 
757 calories for the deficient rats and 804 calories for the 
supplemented rats. These results imply that the lower heat 
production of the deficient rats determined under conditions 
of controlled activity was obscured under the conditions of 
cage activity. 

The general average of the hourly heat production per 100 
gm. body weight of the deficient rats was 3.2% lower than that 
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of the supplemented rats. The odds, calculated by Love’s 
(’24) modification of Student’s method are 85 to 1 that this 
difference is significant. However, to conclude that a pro- 
longed insufficiency of vitamin B produces a continuous re- 
duction in metabolism would be misleading, in view of the 
equalization of the metabolic rates in the later periods. In 
this relation, it is apparent that short time experiments may 
lead to erroneous interpretation of results. 


SECOND SERIES OF RESPIRATION MEASUREMENTS 


In order to clarify the results obtained in the foregoing 
experiment a second series of respiration measurements was 
conducted in which the conclusions of the former work were 
put to more critical tests. 

The paired-feeding and heat measurements excluding 
voluntary activity were continued. The analyses of urine, 
feces and bodies were discontinued since observations of 
McClure, Voris and Forbes (’34) were adequately confirmed 
in the first series. 

In the first series the vitamin supplements were mixed with 
the ration and although the paired-feeding method assured 
an equal intake of the heat stable fractions of the vitamin B 
complex, it did not assure an adequate intake. Consequently, 
the techuic was modified by feeding the yeast supplements 
separately: 0.75 gm. of autoclaved yeast containing 0.1% vita- 
min B concentrate (component b of the first series) was fed 
daily to the supplemented rats and the same quantity of auto- 
claved yeast without concentrate (component c of the first 
series) was given to the deficient rats. The vitamin B-free 
basal ration was the same as that in the first series. 

In order to have the supplemented and deficient animals 
in a comparable state of nutrition during the time of the 
respiration measurements the feed offered was curtailed on 
the previous day to an amount the rats would eat readily. 
The measurements were begun at least 16 hours after the 
rats had consumed an equal quantity of feed. 
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In order to establish or disprove the reality of the reduc- 
tion in heat production by the vitamin B deficiency, the rats 
were subjected to reversal of treatment. That is, after two 
or more measurements of the heat production the deficient 
rat of a pair was supplemented with vitamin B concentrate 
while its pair mate was made deficient. 

The experimental results of this second series are reported 
in table 3. 

Four comparisons of the respiratory metabolism were made 
with pair no. 4. Two weeks after the start of the feeding 
treatment rat no. 8 on the deficient diet had a slightly higher 
metabolism than the supplemented rat no. 7. Two weeks 
later the metabolism of rat no. 8 was slightly less than that 
of rat no. 7. At this point the treatment was reversed, that 
is, rat no. 7 was made deficient and rat no. 8 was supplemented. 
The hourly heat of rat no. 7 was 3% lower than that of rat 
no. 8 after 3 weeks and 5% lower after 4 weeks. The treat- 
ment was again reversed but rat no. 7 failed to respond to 
the curative treatment and the pair was discarded. 

Five measurements were made with pair no. 5. Two weeks 
after the start of the feeding treatment the hourly heat per 
100 gm. produced by rat no. 10 (deficient) was 5% lower than 
that of rat no. 9 (supplemented), and 2 weeks later it was 
13% lower. The treatment was reversed. After 3 weeks the 
metabolism of rat no. 9 was 5% lower than that of rat no. 10 
and after 4 weeks it was 7% lower. This pair was put on 
stock diet until their weights exceeded 100 gm. and returned 
to the test diets with rat no. 10 deficient and rat no. 9 supple- 
mented. After 10 days the metabolism of rat no. 10 was 3% 
lower than that of rat no. 9. 

Five measurements were made with pair no. 6. Two weeks 
after the rats were started on the test diets the hourly heat 
per 100 gm. produced by rat no. 12 (deficient) was 8% less 
than that produced by rat no. 11 (supplemented). After 4 
weeks and 6 weeks the metabolism of the deficient rat was 
16% and 12%, respectively, lower than that of the supple- 
mented rat. Three weeks after reversal of treatment the 
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metabolism of rat no. 11 (deficient) was 1% higher than that 
of rat no. 12 but 1 week later it was 2% lower. 

Three measurements were made on pair no. 7. Four weeks 
after the rats were started on the test diets the hourly metabo- 
lism of rat no. 14 (deficient) was 10% less than that of rat 
no. 13. Respiration measurements 2 weeks and 3 weeks later 
showed the hourly heat production per 100 gm. to be about the 
same for these rats. Rat no. 13 persisted in losing weight 
quite rapidly although rat no. 14 (deficient) maintained a 
fairly constant weight on the same food intake. Rat no. 14 
consistently limited the feed consumption indicative of its 
deficiency. Because of the apparent abnormality in rat no. 13 
the pair was discarded. 

In order to observe the effect of the deficiency in larger rats 
pair no. 8 was introduced. Three weeks after the rats were 
started on the test diets the metabolism of rat no. 16 (deficient) 
was 9% lower than that of rat no. 15 and 2 weeks later it 
was 12% lower. One week after reversal of treatment it was 
6% lower. 

From the above results there seems to be little reason to 
doubt that vitamin B deficiency produces a definite reduction 
in the heat production of rats. The average hourly heat 
production per 100 gm. was 511 calories for the deficient rats 
and 539 calories for the supplemented rats. The odds are 
3330 to 1 that the two averages are statistically different. 


DISCUSSION 


The lesion of vitamin B deficiency in rats appears to be 
localized in the central nervous system as evidenced by the 
histological observations of Prickett (’34), the interpretation 
of nervous symptoms by Church (’35) and the studies in 
tissue respiration by O’Brien and Peters (’35). These last 
workers have established a definite relationship between 
crystalline vitamin B and the respiratory behavior of brain 
tissue, particularly in the reactions of intermediary carbo- 
hydrate metabolism. 
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The reduced energy metabolism and body temperature en- 
countered in vitamin B deficient animals might be attributed 
to 1) a real interruption of the respiratory processes involved 
in some step in intermediary metabolism, 2) a reduction in 
organic and muscular tone resulting from inhibition of 
nervous control, or 3) a combination of 1 and 2. 


The author wishes to acknowledge his appreciation for the 
provision of facilities and the encouragement by Dr. E. B. 
Forbes in the course of this work. 


SUMMARY 


A series of twenty comparisons was made of the heat pro- 
duction of rats on vitamin B(B,) deficient and vitamin B 
supplemented diets. The rats were fed by the paired method, 
and heat measurements were made by the open-train Haldane 
procedure, at intervals during an experimental period of 12 
weeks. The heat production of the B deficient rats was 
significantly the lower during the first 7 weeks, but in the 
course of the last 5 weeks the heat measurements represent- 
ing the two dietary treatments became essentially alike, ap- 
parently as a result of an increase in the quantity of auto- 
claved yeast fed to both groups. 

A second series of twenty comparisons, with the technic 
modified to test critically the results of the first series, defi- 
nitely established a reduced heat production in the vitamin B 
deficient rats. Reversal of treatment of paired rats produced 
reversal in the relative rates of heat production by the 
deficient and supplemented rats. 

Evidence serving to supplement and to confirm the previous 
findings of McClure, Voris and Forbes is also presented, 
especially as indicating that with the B supplemented rats a 
larger proportion of the ration was metabolizable; there was 
a more favorable body balance of energy; there was less 
energy and a lower proportion of carbon to nitrogen in the 
urine; and of the digested nitrogen a larger proportion was 
retained as body gain. 
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A FURTHER CONTRIBUTION TO THE DERIVATION 
OF FACTORS FOR COMPUTING THE GASEOUS 
EXCHANGE AND THE HEAT PRODUCTION 
IN THE METABOLISM OF PROTEINS? 


MAX KRISS AND LEROY VORIS 
Institute of Animal Nutrition, Pennsylvania State College 


(Received for publication February 8, 1937) 


In a recent paper Kriss and Miller (’34) described the 
derivation of factors for computing the gaseous exchange 
and the heat production in the metabolism of casein, based 
largely on complete balances of nitrogen, carbon and energy. 
The authors found these factors to be considerably different 
from those originally published by Loewy and Oppenheimer 
(711) for casein and for meat protein. In view of the paucity 
of fundamental data upon which to base the computation of 
the respiratory products of protein metabolism it was thought 
desirable to extend the study to the derivation of factors for 
a variety of proteins. 

The present paper is concerned with the derivation of 
respiration and energy factors for three different animal 
proteins, namely, heart muscle, casein and gelatin. Casein 
was included again in this study with a view of determining 
to what extent, if any, the feeding of the protein as a supple- 
ment to a mixed ration, as compared with exclusive protein 
feeding, will affect the derived factors. 

The subjects of this investigation were six male albino rats, 
each weighing approximately 200 gm. With each of these 
rats nitrogen, carbon and energy balance studies were con- 
ducted while on each of the following daily dietary treat- 
ments : 

* Authorized for publication on February 5, 1937, as paper no. 762 in the 
journal series of the Pennsylvania Agricultural Experiment Station. 
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— 


1) Basal maintenance ration (8 gm., composed of 93.7% 
calf meal and 6.3% butter fat). 2) Basal ration plus 1.5 gm. 
dried heart muscle. 3) Basal ration plus 3.0 gm. dried heart 
muscle. 4) Basal ration plus 1.5 gm. casein. 5) Basal ration 
plus 3.0 gm. casein. 6) Basal ration plus 1.5 gm. gelatin. 
7) Basal ration plus 3.0 gm. gelatin. 

The rats received the diet to be tested during a period of 
not less than 10 days. The first 5 days constituted the pre- 
liminary interval of adjustment. This was followed by a 
5-day metabolism period during which the urine and feces 
were collected separately. 

The urine and feces of each rat were analyzed for nitrogen, 
earbon and energy. The diets were similarly analyzed (table 
1). From a comparison of the excretory products obtained 


TABLE 1 


Analysis of proteins fed 





SUBSTANCE MOISTURE | ASH ETHER EXTRACT | NITROGEN | CARBON | ENERGY 
% | % % %o | %o Proaen o 
Heart muscle | 2.88 | 4.85 13.79 11.90 | 49.98 5593 
Casein 8.36 | 3.44 0.27 13.38 | 48.42 | 5240 
Gelatin 10.05 3.40 0.11 | 15.30 | 42.73 | 4593 


from the supplemented diets with those obtained from the 
basal ration alone the excretory products representing the 
protein supplements were computed. 

The average results of the balances of matter and energy 
representing the different quantities of the proteins tested 
are presented in table 2. 

The uniformity of the performance of the six experimental 
animals is indicated by the small probable errors of the mean 
results. 

Of the nitrogen ingested as heart muscle at the low and 
high levels 3.9% and 4.5%, respectively, appeared in the feces, 
and 67.0% and 66.9% appeared in the urine. 

Of the calories of heart muscle ingested at the low and 
high levels 2.1% and 5.4%, respectively, appeared in the 
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feces and 9.5% and 9.7% appeared in the urine. At the 
lower level 88.4% of the calories were metabolized, while at 
the higher level 84.9% of the calories ingested were metabo- 
lized. 

Of the nitrogen ingested as casein at the lower and higher 
levels 3.5% and 3.2%, respectively, appeared in the feces, 
and 90.5% and 79.6% appeared in the urine. 


TABLE 2 
Metabolizability of meat protein, casein and gelatin 











| HEART MUSCLE | CASEIN | GELATIN 

| “Ls —_. 3.0 on. 1.5gm. | 3.0gm. » 15 ~ : 3.0 gm. 

Income 
Energy, calories 8.390 16.779 7.860 | 15.720 | 6.785 | 13.570 
Carbon, grams 0.750 | 1.499 0.726 1.453 | 0.641 | 1.282 
Nitrogen, grams 0.179 | 0.357 0.201 | 0.401 | 0.230 | 0.460 

Outgo 

Feces 
Energy, calories 0.174 | 0.913 0.293 0.617 0.002 | 0.170 


0.017 0.077 0.020 | 0.057 0.007 | 0.021 
0.007 0.016 0.007 0.013 0.008 | 0.012 


| 
| 
Carbon, grams | 
Nitrogen, grams 
Urine 
Energy, calories | 0.800 1.632 1.171 
Carbon, grams 0.068 | 0.140 0.089 | 0.151 


2.069 | 1.245 2.476 
0.106 0.212 
0.190 | 0.349 
+0.006 


Nitrogen, grams 0.120} 0.239) 0.182| 0.319 
+0.005 | +0.004 | +0.005 | +0.005 | +0.006 


Metabolizable 
Energy, calories 7.416 | 14.234 6.396 | 13.034 | 5.538 | 10.924 
+0.069 | +0.066 | +0.072 | +0.105 | +0.066 | +0.085 
0.665 1.282 | 0.607| 1.245 | 0.528 1.049 
+0.004 +0.005 | +0.005 | +0.008 | +0.006 | +0.008 
Energy, per cent | 88.39 84.83 | 81.37 | 82.91 | 81.62 | 80.50 
Carbon, per cent 88.67 | 85.52 | 83.61 | 85.68 82.37 81.83 


Carbon, grams 


Of the calories of casein ingested at the two stated levels 
3.7% and 3.9%, respectively, appeared in the feces, and 14.9% 
and 13.2% appeared in the urine. The metabolizability of the 
energy of the casein at these levels was 81.4% and 82.9%, 
respectively. 

Of the nitrogen ingested as gelatin at the lower and higher 
levels 3.5% and 2.6%, respectively, appeared in the feces, 
and 82.6% and 75.9% appeared in the urine. 
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Of the calories of gelatin ingested at the two stated levels 
0.03% and 1.3%, respectively, appeared in the feces, and 
18.3% and 18.2%, respectively appeared in the urine, thus 
leaving 81.6% and 80.5% as metabolized at the two different 
levels. 

The foregoing results show that the metabolizability of the 
casein, as far as energy is concerned, was only slightly 
greater than that of gelatin, but that the metabolizability of 
the heart muscle was significantly higher than that of the 
casein or the gelatin. This was probably due in large part 
to the relatively higher fat content of the heart muscle (table 
1). This difference in the fat content of the proteins tested is, 
however, without effect on the final computations of the respi- 
ration and energy factors, as will be explained below. 

The derivation of the respiration and energy factors is set 
forth in detail in table 3. As in the previous paper (Kriss 
and Miller, ’34) the computations are on the basis of pure 
protein. 

Since the amounts of fat in the casein and in the gelatin 
were negligibly small, the values representing the carbon and 
energy contents of these proteins, in pure form, are as deter- 
mined on the basis of water-free and ash-free substance. The 
values representing the nitrogen, hydrogen and oxygen con- 
tent of pure casein, and the hydrogen and oxygen content of 
pure gelatin are from Matthews (’30, p. 117). The value for 
the nitrogen content of pure gelatin is as determined on the 
basis of ash-free, water-free and fat-free substance. The 
values representing the nitrogen, carbon, energy, hydrogen 
and oxygen content of heart muscle are as given by Loewy 
and Oppenheimer (’11) for meat protein (‘Fleischeiweisz’). 

The values for nitrogen, carbon and energy of feces and 
urine per 100 gm. of pure protein were computed on the basis 
of the data given in table 2 in relation to the nitrogen content 
of the proteins. The corresponding values for hydrogen and 
oxygen of the feces and urine were computed from the figures 
of Loewy and Oppenheimer (’11) for the excretion products 
of meat in relation to the nitrogen content of the material. 
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All other calculations for the derivation of the respiration 
factors are self-explanatory. 

The final results obtained with each of the proteins tested 
at the two different levels of feeding agree closely. The aver- 
age results are as follows: 


Heart muscle Casein Gelatin 
Respiratory quotient 0.798 0.826 0.834 
Liters O, required per gram urinary N 5.96 6.76 5.05 
Liters CO, produced per gram urinary N 4.75 5.58 4.22 
Calories metabolized per gram urinary N 26.71 31.15 23.44 
Calories metabolized per liter O, 4.483 4.607 4.637 


All values obtained for heart muscle agree very closely 
with the corresponding values of Loewy and Oppenheimer 
(711) for meat protein. Their factors per gram of urinary 
nitrogen are 5.94 liters O., 4.75 liters CO, and 26.51 calories, 
giving the value of 4.463 calories per liter of O., and the 
R.Q. of 0.800. 

The factors obtained for casein agree very closely with 
those obtained for this protein in the previous study by Kriss 
and Miller (’34). The latter values are 6.67 liters O., 5.47 
liters CO,, and 30.59 calories per gram of urinary nitrogen, 
with the R.Q. of 0.821 and the calorific value of respiratory O, 
of 4.586 per liter. This close agreement is especially signifi- 
cant, inasmuch as in the previous study the casein was fed 
exclusively, while in the present study the casein was fed as a 
supplement to a mixed diet. 

The respiration and energy factors for gelatin per gram of 
urinary nitrogen are somewhat higher than those calculated 
by Rapport (’24) for this protein. The calorific value per 
liter of respiratory O, is slightly lower than that calculated 
by Rapport, while the R.Q.’s are almost identical. 

When the factors per gram of urinary nitrogen of the three 
proteins are compared it is observed that they differ signifi- 
cantly from each other. The highest values are for casein and 
the lowest are for gelatin, with meat taking an intermediate 
place. 
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SUMMARY 


Balances of nitrogen, carbon and energy were determined 
with six albino rats receiving first a mixed diet for mainte- 
nance, as the basal diet, and then the same diet supplemented, 
in different periods, with each of the three different proteins, 
namely, heart muscle, casein and gelatin in quantities of 1.5 
gm. and 3.0 gm. each. The metabolizability of the proteins 
was determined from a comparison of the basal diet with each 
of the supplemented diets. 

Of the total calories of the proteins ingested at the two 
levels the following average percentages were metabolized: 
heart muscle, 86.61% ; casein, 82.14% ; gelatin, 81.06%. 

The following factors were determined for computing the 
respiratory exchange and the heat production in the metabo- 
lism of the different proteins, all values being expressed per 
gram of urinary nitrogen: for heart muscle, 5.96 liters of 
respiratory O,, 4.75 liters of CO, and 26.71 calories; for 
casein, 6.76 liters of O., 5.58 liters of CO, and 31.15 calories; 
for gelatin, 5.05 liters of O,., 4.22 liters of CO, and 23.44 
calories. The factors for casein are in close agreement with 
those previously determined by Kriss and Miller. The factors 
for heart muscle agree very closely with those reported by 
Loewy and Oppenheimer for meat. 
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